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MACHINES, TECHNOLOGY AND THE LIFE OF THE MIND 
by Louis ARMAND . . 


Modern technology and the machine, far from having killed the poetry and 
the charm of living, have on the contrary freed man’s mind from physical 
drudgery and have thus contributed to the enrichment of his intellectual life. 
Technology, too, has its poetry. 


CYBERNETICS AND THE FUTURE OF MAN 
by ROBERT VALLEE 


We are now at the beginning of a second industrial revolution. The first 
resulted from new methods for obtaining energy; the second arises from 
man’s new capacity for performing certain mental processes by automatic 
means—in other words, it is born of cybernetics. The “devaluation” of 
muscular energy is now being followed by the “devaluation” of the brain. 
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Nature is not wrathful against man; it is wrathful against ignorance. There is 
about one-third of the earth’s surface whose resources are completely or very 
largely denied to us. The conquest of the desert requires the same kind of 
strategical planning as does a military campaign. 
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by THEO KAHAN 


There is hardly a single human being whose actions are not prompted, 
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MACHINES, TECHNOLOGY AND THE LIFE 
OF THE MIND 


by 
Louis ARMAND 
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“Modern technology and the machine have killed the poetry and the charm 
of living . . . Alas, we’ve seen the end of the old days, the good old days 
when a man could think and dream; when his trade formed part of the 
web of his dreams, instead of tearing them apart as it does today... .’ 

Such assertions, and others like them, have become conversational com- 
monplaces in our time. Yet there are those who make bold to maintain 
that the machine and technology, by freeing man from a load of physical 


’ 


drudgery, have helped to release his mind from a host of distractions and 
have thus contributed to the enrichment of his intellectual life. 

The obvious deduction from two such different attituJes—as from other 
human attitudes in face of graver problems—is that we are beings full of 
contradictions, doubtless because our happiness is relative. And I cannot 
help thinking of Leopardi’s character to whom is offered, by an evil genius, 
the chance of living over again any year of his life he cares to choose, and 
who, less out of disgust with the past than out of interest in the future, 
prefers to continue jogging along at his everyday existence. There are indeed 
many who, if offered the same choice, would make the same decision. But 
it is highly probable that they would, all the same, deplore the way the 
world is going, the invasion of the machine and the reign of the engineers, 
for we conform to the prevailing fashion far more in our words, and even in 
our ideas, than we do in our actions. And who dictates the fashion? Why, 
the writers, the arts men—certainly not the engineers, whose unprepossessing 
scribblings get no public hearing at all. 

What, on this much discussed question of technology and the machine, is 
the view of those technicians who, as they think, have not completely 
renounced the life of the mind? It is a very big subject. It is linked up with 
many problems, and is hard to deal with effectively in the space of a single 
article. Let us try first of all to define it, without following those who feel 
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obliged, in order to defend the rights of the “life of the mind”, to attack 
science, progress and technology indiscriminately. For though in everyday 
usage these three words are often employed one for the other, they each 
have their own rightful meaning. 

Let us first of all dismiss science—that is to say, if we are to speak 
clearly, pure knowledge. We do so without hesitation, for nobody nowadays 
any longer reproaches Newton with having ravished the rainbow of its 
beauty. Scientific knowledge has, it is true, killed many legends; but has it 
not also been a source of enthusiasm, of self-dedication and self-sacrifice 
and, indeed, of poetry? The earth of the astronomers, that earth which ~- 
Pascal saw lost in “the eternal silence of the infinite spaces”, is no less 
moving, no less exciting for a poet, a psychologist or a religious mind than 
the earth-at-the-centre-of-the-world which the ancients and the Middle Ages 
extolled. Man has adapted himself to the progress of science, and the life 
of the mind has lost nothing in the process. It was long believed that science 
forbade the flowering of our religious, moral and artistic aspirations; but 
we know today that that is nonsense, and this is one of the most cheering 
aspects of the modern world. Let us leave science, then, on one side; it 
stands, indeed, in little need of our advocacy. 

Technology is the application, in practical daily life, of the facts established 
by science. It is technology that changes our living conditions, so it is right 
that we should speak of it here. 

As for progress, it could be described, in some sort, as being the resultant 
of technology. But to talk of progress would be to tackle—which we plainly 
cannot do—all the problems arising out of changes in society, that is to 
say every single human problem. This type of subject has moreover inspired 
innumerable studies, the latest of which concern what is generally known 
as “technocracy”. 

Thus the scope of our investigation has been defined: we shall deal with 
the direct influence of technology on the life of the mind. 

We suggested earlier that arts men have a responsibility in this matter. 
It is easy enough for them to be very persuasive when they argue that a 
modern trade is inhuman—doubtless because it places man in working 
conditions different from those in which God placed Adam and Eve after 
He had turned them out of the earthly paradise. Do not let us forget, 
however, that if God in His wrath condemned them to “labour in the 
sweat of their brow”, He also, in His mercy, gave them a simple little 
handbook of technology, of which one of their great-nephews made priceless 
use. For after all, what was Noah’s Ark but the first masterpiece, and an 
outstanding masterpiece, of technology? With the Flood, technology began 
to play its paramount part in the salvation of man. 

Such a piece of reasoning will, no doubt, remain a dead letter for many 
people. They will accuse it of mixing up periods, countries and techniques 
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haphazard; and perhaps they will be right. So we will not insist further. 

The expressions “modern trade” and “technical trade” suggest to many 
people the picture of a worker riveted to a machine-tool, his job being 
confined to supervising its operation, unless he has a single, mechanical 
movement to perform. From this it is concluded that the inventors of 
assembly-line work were pitiless beings, insensible to all culture, in that they 
had subjected man to one more form of slavery—that of the machine. On 
the contrary—reply the technicians—it is the machine which has freed 
the slave, for it enables man to escape from a thousand and one forms of 
servitude; the proof is that, in order to calculate the amount of energy now 
at man’s disposal thanks to the machine, the notion of “mechanical slaves” 
has been introduced, their number corresponding to the level of a country’s 
material civilization. 

Neither of these theses is absolutely true or absolutely false; but statistics 
show that the second comes closer to the truth. Technology has created 
many less thankless jobs than it has abolished repellent ones, those for 
instance where a man was only used for his muscular force. Such jobs are 
disappearing or becoming “humanized”. Before we condemn the machine 
and reproach it with the constraints it has imposed—for they exist, and they 
are heavy ones—do not let us forget that it has, for example, put an end 
to galley-slavery, and has considerably improved the conditions of miners 
at the coal-face, or of locomotive-drivers. Every time that labour output 
ceases to be the product of human toil alone, and that an aid (the machine) 
is interposed between the two, a step forward in social progress has been 
taken. 

If we go a little deeper into this idea, we shall find a thousand and one 
examples showing that individual man sees in the machine, particularly 
when he comes to control it, a chance of progress. For a man who has 
toiled in the assembly line as a “cog in the wheel”, suddenly to become 
the lord of disciplined power that replaces his efforts is a measure of 
deliverance, promotion in dignity, and access to a higher world. The worker 
who is promoted from pushing a small truck to driving a lorry is no longer, 
as it were, the industrial “footslogger”; if the military metaphor may be 
pursued, we might say that he already experiences some of the feelings 
characteristic of the cavalryman in the age of horses. Of course, ie machine 
arouses feelings such as these only in persons whose working conditions it 
transforms by lightening their burden. The driver of a heavy lorry who has 
never “pushed a barrow” only too often sees, in his vehicle, a mere instru- 
ment of slavery. He is wrong there; but do not let us add that “there is 
nothing we can do about it”, for we can do a great deal if we are 
prepared to improve the lot of the workers. But let us call a halt here to 
this profession of faith; we cannot tackle the social question without consider- 
ably overstepping the limits we have set ourselves. 
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Coming back to our subject, we may first of all say that technology, far 
from narrowing (as has been argued) the world of our sensations, has very 
often expanded it. Take, for example, the emotions and the pleasures which 
we get from speed. They are indeed intoxicating; they take us out of our- 
selves, into a new world where we no longer feel the ground under our feet. 
For centuries and centuries man’s only means of going fast was the horse; 
Napoleon travelled at the same pace as Cesar. Since 1830, thanks to 
technology, the railway, then the car and finally the aeroplane have multiplied 
all the emotions of speed, thrilling and enriching the lives of millions of 
men. 

The railway has had a considerable influence on children, as shown by 
the fact that the toy train has almost completely replaced the wooden horse 
—presumably because the train is a better stimulant of the great dreams 
of childhood than the horse was. As for young people, they find in the 
car all the attractions of risk and speed, carried to their highest intensity. 
Finally, the aeroplane has made one of humanity’s oldest dreams come 
true—the conquest of the third dimension. And the aeroplane calls for so 
much discipline, courage and élan that it has its own chivalry—a modern 
chivalry which, like the medieval one, has its heroes sans peur et sans 
reproche. Give it a poet, and it will have its epic. 

You may say no; you may say that modern times—and for this tech- 
nology is responsible—no longer lend themselves to poetry. Are you so 
sure? Did the war-horse and the sailing-ship inspire, over a given period, 
more literary works than aviation is doing today? 

Moreover, what grounds have we for contrasting the aeroplane with the 
sailing-ship? Both of them (like Noah’s Ark) are products of technology. 
The words foresail, mizzen, yard, topsail, lateen yards and caravels are 
wonderfully suggestive when they appear in a line of Victor Hugo or 
Heredia. But they originated as technical terms—“trade slang”—before they 
became part of poetry’s vocabulary. 

What then, in the sailing-ship, has given it the privilege of being sung 
with such enthusiasm by poets? The silhouette of its sails standing out 
against the sky? No, for these silhouettes are not always graceful. The 
gliding of the vessel through a silent sea? No, for if the wind was high 
when the moment came to set sail, the sea was rough; and if the sea was 
smooth, there might not be enough wind. All was not always perfect in a 
sailing-ship. But men idealized the technique of sailing at a time when it 
alone symbolized “the great adventure”; and it was this great adventure 
that filled the sails with poetry. 

The appearance of a new technique did not wipe the slate clean of such 
poetry. Doubtless the steamship was born in a cloud of smoke; it was 
dirty, it was noisy, it was a monster. But it succeeded; thanks to its speed, 
its regularity and its safety it soon dethroned the windjammer. The latter 
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was much mourned, however; and everyone believed, 80 years ago, that 
the charm of long sea voyages had gone forever. Yet today there are few 
travellers who are not enthusiastic about a liner crossing, when they are 
alone between sea and sky and can savour a tranquillity made for meditation 
and the life of the mind. Thus the steamship had its magic too; the monster 
was humanized, and we learned to like it. Some day soon, when air transport 
has driven the world completely crazy, we shall look back to our former 
ocean crossings as showing that people knew, once, how to live. 

It is easy to find examples of how this adaptation of man to technological 
progress is accompanied by shocks which make him regret the past and 
idealize its vanished technique. There are those who regret the passing of 
the paraffin lamp, which drew the family circle around its feeble glow, but 
which on its appearance was regarded as foul-smelling, smoky and far less 
bright than the oil lamp. It is the same with our electric lamps; the homely 
bulb under its shade has in its turn become the symbol of intimacy, since 
neon tubes set out on their conquest of the world. 

And finally, take the Eiffel Tower. Everyone who was or thought himself 
an artist at the turn of the century saw in it an example of the worst possible 
taste, never suspecting that little by little the whole city would come to love 
it and that men of taste would end by accepting this monumental structure 
suggestive of the world of travelling fairs. 

Thus do features of technological progress, which begin by repelling us, 
end by being absorbed into the fabric of our existence. Let us leave it 
to time; time will humanize technology, and endow it with the charm 
and poetry of a past which moves us all the more in that we regret its 
departure. 

Nothing that belongs to the background of yesterday, nothing that 
imprinted itself on our childhood’s brain, nothing that belonged to the world 
with which the grown-ups surrounded our nursery years will ever, for us, 
lose its halo of dreamland and poetry. This is not to say that later in life 
we shalt shy away from every new acquisition. Many of them will have 
existed for us as fancies ever since we were children and made imaginary 
excursions into the future. Thus, when some chance permits us really to 
see—often quite late in life—the exotic animals that peopled our nursery 
books, they appear as familiar to us as old friends. Who is there that has 
no place in his heart for a gazelle, or has no interest in a giraffe? 

The technical inventions of today had no place in our childhood’s universe 
except when some prophetic spirit suggested them to us and planted their 
seed in our mind. That is why Jules Verne played so remarkable a part. 
His stories are fairy stories, but the fairies belonged to the future and not 
to the past; thanks to them, we have been able to “absorb” many a recent 
discovery. It will be said, perhaps, that the Nautilus represents a rather 
exceptional case; I agree, and to illustrate my thought I would point to the 
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very general effect of toys on children. How many modern techniques have 
they not introduced, quite easily, into our everyday ideas! 

To sum up, while it may be true that technological progress strips life 
of part of its charm—and here we are making a big concession to the literary 
men— it introduces us to a world which our childhood imagination never 
knew. Must it then be said that charm and poetry are nothing more than 
an attachment to the past, a faithfulness to old habits? It is quite possible, 
for man is slow to adapt himself, and that intimate part of him which is 
associated with his sentimental life is the last to accept a change. It is only 
after a thousand and one_revolts, and many protests, that it allows itself 
to welcome new kinds of existence. 


Let us carry our analysis a little further. Technology has been accused, not 
only of making the world uglier, but of having cluttered it up with new 
materials. of inferior quality; the ersatz, we are told, has driven out the 
natural product. 

But what is a “natural product”? Generally it is a worked-up product, 
and often it has been worked up to the limit of the capacity of an old 
technique. This is the case with leather, stained wood, and rubber. Rubber 
would never have been more than an object of curiosity had it not been for 
its vulcanization by sulphur. Technology has over and- over again given the lie 
to the famous saw that “man cannot improve on nature”, particularly when it 
sets out with precise objectives. People protested against artificial dyes, but 
who today regrets madder? Doubtless indigo and purple were children of 
the Sun and of the Earth, while our contemporary dyestuffs can only trace 
their ancestry to humble retorts. True enough; but, in order to fix indigo 
on cotton fabrics, old-time manufacturers were already resorting to a form 
of chemistry which paved the way for that to which we owe aniline and 
its derivatives. 

Leather is one of the natural products whose substitution by an ersatz 
will cause the keenest regret. Yet a few decades from now, chemistry will 
place at our disposal materials of far higher quality. Should we regret 
leather because of its animal origin? Certainly not, for there are few people 
today who think, when they look at a suéde handbag, of the beautiful 
creature whose skin it once was. And if they do, it is often enough with 
melancholy, not to say remorse. 

There are plastic materials incomparably more beautiful than horn; and 
as for paper, it does not make us regret the disappearance of papyrus or 
parchment. But then, since nylon became the fashion, it has been much 
easier than it once was to sing the praises of artificial products. 

Very good, it will be said; but with the passing of wool we have lost the 
distaff and spinning-wheel. It is quite true that the old crafts still have a 
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powertul appeal. They were born of very simple techniques, whose voca- 
bulary has been familiar to man for generations, and suggest much that has 
its own beauty. The mill, the kiln, the plough, the distaff and the spinning- 
wheel are more than mere words. They are so charged with humanity that 
they partake of our own life; they are familiar friends; between them and 
us there is a spiritual tie that is extremely strong. This cannot of course be 
said, as yet, of nylon and the stocking-machine; what little we know of such 
types of manufacture is expressed in terms which “mean nothing to us”; 
their technique is complex and produces no echo in our hearts. However 
great its perfection or its usefulness, it offers us no food for dreams. 

Let us not forget, however, that there is another side to the picture. 
Modern technology has a history; it is the work of man, and the men 
responsible for it have known successes and setbacks, triumph and dis- 
illusion. If we knew more about the sum of these efforts, should we not be 
less indifferent and less unjust in the presence of a fine technical achieve- 
ment, which is essentially a fine human achievement? The technicians of 
all ages have laid upon the world the mark of their endeavours, often with 
metal and fire; and in so doing they have written one of the bibles of 
humanity which, like all great books, treats of only one subject—man. 

The story of science is an epic. Each day, it enriches our lives through 
fresh conquests. Secrets may be wrested from nature, some calculation may 
be successfully worked out, some hypothesis may be confirmed experi- 
mentally, or some daring test may have succeeded. Of course, the original 
inventions provoke the shock or the smile that greets a barbarian intruder; 
they appear unattractive and clumsy. But if we try to look beyond their 
awkward and graceless form and discover what they have to teach of 
human talent, we shall recognize in them the milestones along the road to 
the total revelation of the world. Art, it has long been agreed, tells us much 
that is valuable about the evolution of humanity, and we study the works 
of the earliest artist and craftsmen just as seriously and sympathetically as 
we do those of our most modern esthetes. The history of technology can 
provide us with the same kind of lesson. 

The engine of a car, however cursorily we look at it, will become an 
object of wonder as soon as we start to assess the sum of ingenuity and 
effort which our fathers had to expend in order to put this admirable 
instrument at our disposal. One night a friend’s car started to make curious 
noises and, with the usual imprecations against technology, we lifted up 
the bonnet. A section of the exhaust pipe had come apart and the cylinders, 
which we only knew to be hot, were shooting out flames like so many 
acetylene welders. Never had we realized so vividly the extent to which an 
engine was a fire-harnessing machine, or so appreciated the daring of the 
engineers who had hit on the idea of making a piston thrust and return on 
contact with a flame, and that at a speed of several. yards a second. And 
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how many difficulties they had to overcome—the problem of airtightness, 
or the problem of lubricating the point of contact with the spark, to name 
only two. What a triumph they achieved in an enterprise no less thrilling 
than polar discovery! For both are brother activities, which call for the 
same combination of qualities. 

We do reverence to homo sapiens; but we ought to realize that homo 
faber, whose weapon is technology, deserves just as much of our regard. 
From the engineer over the blueprint to the workman at the lathe, tech- 
nology is served by an élite, an élite that is all too little recognized and that 
is characterized by a very high conception of human solidarity. Nor is it 
solidarity only in the here and now, for technology links the present with 
the past and illustrates the greatness of man no less than does the history 
that is taught in colleges and universities. If our education is such that 
lessons of this sort form no part of our intellectual nourishment, it obviously 
suffers from serious shortcomings, which should be remedied. 

For one who has learned to philosophize around technology, the lamp 
he reads by is Edison’s imagination and drive; it is the history of glass, 
which takes us back to the most ancient times; it is the discovery of the 
vacuum, Pascal and the Puy-de-Déme experiment; and it is the discovery 
of the rare gases which, in the bulb, replace the vacuum. We know, too, 
that the search for rare gases led to the discovery of helium in the sun, 
and so to proof of the unity of the world. The lamp is also the conquest of 
high temperatures, the mineralogists’ search for metals, and the perfection 
of processes which have enabled wire finer than the product of a silkworm 
to be created; and lastly, it is the invention of a machine that carries out, 
accurately, the fantastically delicate work of assembly. 

It is impossible to think of the microphone without also thinking of the 
poet Charles Cros, who was the first to try to reproduce the human voice, 
but who failed in the attempt. Charles Cros is another Scott arriving at 
the South Pole after Amundsen—for the similarities between exploration 
and the conquests of technology are legion. The difference is that, whereas 
a polar expedition encounters obstacles and involves hardships—the fight 
of men against cold, hunger and the blizzard—which even children can 
picture without too much difficulty, it is impossible, without a minimum of 
education, to appreciate a technician’s fight with matter. How many of 
them have failed within almost arm’s length of success—here for lack of 
an incombustible material, there for lack of a non-corrosible metal or of a 
better quality of oil. And often the necessary products have appeared a 
mere few years after so many fruitless attempts, disappointments and, 
indeed, sacrifices. 

A legend has grown up around Bernard Palissy because of his impas- 
sioned attempts to achieve the temperature necessary for the melting of 
enamel. Such impassioned research has been seen time and again in the 


162 





MACHINES, TECHNOLOGY AND LIFE OF THE MIND 


world of technology, and countless objects around us bear witness to it. 
There are many Bernard Palissys alive today, whose entire energy and 
imagination are devoted to a single end; we could quote names in every 
technological field. If there are no more legends, it is because times have 
changed; discoveries have become much more frequent, and publicity is 
directed towards commercial ends. All the same, there have never been 
so many fanatical devotes of technical discovery as there are today—men 
who throw all their faith and fervour into the pursuit of success in this 
field, whether the issue be great or small. Say what you like, such passion, 
faith and conviction can only spring from the life of the mind. 

We should have everything to gain by making a tour of this “museum 
of man” constituted by the sum of the technological achievements surround- 
ing us; it provides much food for thought on individual ability, on genius, 
on patience and on chance—in a world on every human problem; and it is 
suggestive of a vast epic. It would teach us, just as eloquently as the great 
events of history, to respect the past. 

It is the inadequacy of our modern education that prevents so many highly 
cultured men from admitting, to their active intellectual life, an under- 
standing of technology. This inadequacy is yet further aggravated by an error 
of method (very common, at least in France) whereby teaching is divided 
into two branches, one literary and the other scientific, each being enclosed 
in watertight compartments. The arts men are deemed to have a practical 
monopoly of profond thinking and of poetry. But all too often young people 
with no particular bent for letters are classed on the arts side for the 
purposes of their studies simply because they have been put off by the 
forbidding aspects wrongly attributed to the elements on which the study 
of science is based. They thus find themselves excluded, once and for all, 
from any understanding of modern techniques. 

This fact is all the more regrettable in that the division is made far too 
early. Just because a child does not “take to” mathematics in the lower 
forms, is he to be barred forever, even when he becomes a man, from the 
philosophy of technological achievement? The idea is obviously nonsensical, 
yet what else does our present system result in? Throughout his scholastic 
career, our young arts student not only preserves but actually cultivates a 
strange anti-scientific, or at least anti-technological complex. As for the 
young people on the other, the scientific side, they are little better off. To 
such an extent is theory over-emphasized in the teaching they get, that 
technical problems may sometimes not be presented to them at all. In these 
circumstances, it is not surprising that many of the best of us turn up our 
noses at a cultural and intellectual pabulum which is really of the first order. 

Yet, the intellectual equipment of a “gentleman” of the twentieth century 
should include such a minimum of knowledge as will enable him to profit 
from the priceless lessons that every branch of human activity has to impart. 
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You may say that, given the extreme specialization of knowledge today, 
this minimum would call for an effort far too great for that ideal to be 
achieved. I do not agree, and I hope in a moment to show that adequate 
methods would probably permit many difficulties to be surmounted. For the 
moment I would recall that, in the periods when specialization of knowledge 
weighed less heavily on human abilities, the ideal was magnificently translated 
into practice. I think especially of the Renaissance, which gave us, in Italy 
and France, such superb examples of the fruitfulness of a marriage between 
technology and the life of the mind. It will be enough to cite three names 
—Leonardo da Vinci, Michael Angelo and Rabelais. 

You may say that these are three exceptional cases. True; but did not 
the Florentine painters, who were not all artists of genius, also invent new 
tints and have recourse, in the preparation of their colours, to constantly 
new methods and materials? They were men of their time, they wanted to 
do better than their predecessors, they sought feverishly to perfect and 
renovate the media of their art; and that is why Fra Angelico’s palette was 
richer than that of Cimabue. To such an extent were painting and technique 
allied, not to say confounded, that the painters all belonged quite naturally 
to the corporation of paint-sellers. 

It is noteworthy that, in those periods of history when human genius 
attained its greatest height and brilliance, the techniques of the moment 
formed part and parcel of the general prevailing culture, and were exploited 
on a large scale. It is tempting to go further and suggest that the great 
periods themselves were due, initially, to technological discoveries; but to 
argue this would be to neglect other factors which might also, possibly, be 
described as decisive. 

There is no denying, though, that the compass and printing might have 
been specially invented to support this somewhat bold thesis. However 
much and however justifiably we may admire the Hours of the Duke of 
Berry or the illuminated manuscripts of Citeaux, none of us would dream 
of denying that printing has contributed enormously to the expansion of 
culture. We can find similar examples of concordance and marriage between 
technology and the life of the mind at many other moments of history; and 
if we consult history carefully, we shall see that technology in its finest 
achievements has always been inspired and guided by the highest ideals of 
the human mind. 

If appreciation of technology were more widespread, it would be a 
powerful link between men of very different origins and education. Even 
today, it creates a sort of human fellowship—as does sport—between 
employers and workers, and brings about an atmosphere of intimacy and 
confidence between them. That is undeniable. But it would be a mistake 
to speak only of employers and workers, for the beneficent effects of 
technology are felt from the top of the industrial ladder to the bottom. 
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How many shop-foremen owe their success, as leaders of men, to the fact 
that they are masters of the processes of their particular industry. One of 
the great merits of technology is that it develops, in its adepts, a very 
particular spirit of co-operation, which places all the members of a given 
shift on the same footing face to face with the machine. Servicing the 
machine inspires a sort of brotherly singleness of mind, for the good work- 
man is just as much a technician as his chief; the difference between them 
is not a qualitative one. It follows that the relationship which unites them, 
that particular form of community of outlook and ideas, has a profound 
effect on the workings of authority. Orders are neither given nor executed 
in the same way in a workshop, an administrative office and a military unit. 
You may say it is a question of nuance, but nuances can be very important 
in practice. Moreover, where technology is involved, the notion of ability 
inevitably comes into play; the chief can only be a man whose capacity is 
recognized; obedience is then freely given, and authority can be exercised 
easily, with a complete absence of rigidity. 

From another and more general point of view, it will be agreed (the 
observation is no novelty) that the difference in mentality separating parents 
from their children is all the greater when the evolution of technology is 
more rapid. The arguments already here put forward on the relationship 
between technology and the life of the mind will, we believe, go some way 
towards explaining this phenomenon. There is no doubt that better fun- 
damental education in the application of science, and a better knowledge 
of the achievements and objectives of technology, would draw the different 
living generations closer to each other. 

Moreover, the isolation from which the technician so often suffers would 
disappear. Men of letters and artists would accept him more readily into 
their circle, converse with him, and share in his work; even philosophers 
would make a positive contribution. Thanks to a co-operation between 
every branch of culture, technology would take a more “human” road. Too 
often, today, the technician works in a vacuum. He decides on his own; 
and, if he makes a mistake, the rift is widened. 


Since, then, technology is such a factor in bringing men together, since it 
helps them to live on good terms in situations where mutual understanding 
is sometimes difficult, and since it calls for the collaboration of all and 
could take an active part in developing the life of the mind, what is there 
that separates it from our traditional culture? Does it not in fact form an 
integral part of humanity, in the widest sense of the term? ; 

The world of tomorrow will realize that it does. The world will no 
longer say to those who fail to cross the pons asinorum of mathematics at 
the outset: “You are arts men, confine yourselves to the universe of letters 
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and from now on say good-bye to the universe of realities.” On the contrary, 
it will direct their steps towards a great new discipline of “scientific and 
technological humanities”, a -10-times-magnified lesson in everyday things 
with a philosophical angle, which will be accessible to all and which, no 
less than classical philosophy, letters or history, will bring out the qualities 
of man, the evolution of his mind and the potentialities of his future. 

Thus technology will become a world open to Everyman, and Everyman 
will be able to use its magnifying glass to wonder at human greatness, just 
as passionately as Rousseau wondered at nature through the magnifying 
glass of botany. There can be no passion without knowledge. Geology, for 
instance, does not merely enable us to understand a countryside; it may 
enable us to love it, may make it moving for us. Goethe realized this; he 
introduced, into his descriptions, geological terms which, in his hands, 
conjured up the mysteries of nature. Technology can play the same role. 

Many people object: “That’s all talk; it’s as dry as dust”, and produce 
many examples to support this view. Doubtless there are technicians whose 
technique occupies their mind to the exclusion of everything else, just as 
there are geologists who focus the interest of a lifetime on a few fossils and 
whose learning never leads them to appreciate a landscape. But the same 
can be said of certain “chartists”, arts men par excellence, who are com- 
pletely wrapped up in the dusty perusal of documents and inscriptions. Men 
of this type are to be found in every discipline, and some of them defend 
their attitude by arguing that if one wants to make real progress in a given 
direction, it is essential not to disperse one’s energies by looking to the 
right or to the left. However that may be, it is certainly not technology that 
condemns the technician to narrowness of outlook. If anything is to be 
blamed for this regrettable state of affairs, it is the isolation from which he 
suffers, often even within his own family circle. 

If knowledge is ever to play the beneficent part of which it is capable, 
it is essential that it should be based, not on the kind of textbook study 
imposed on children today, but on real “education”. The geometrical optics 
taught in secondary schools possibly helps the pupils to acquire a scientific 
outlook; it certainly does not fit those pupils to understand what a camera 
is, or to appreciate the work that went into its invention. It is only by 
true “educational” methods that we shall be able to impart a taste for 
technology even to those who, for lack of talent, will never become inventors, 
but who should not for that reason be driven away from the subject. 

After all, it has proved possible, in other fields, to mobilize the enthusiasm 
of the amateur. If it were necessary to play an instrument in order to be a 
music lover, the concert halls would be half empty. The same is true of 
drawing and of many another art or discipline. It will hardly be contended 
that everyone interested in excavations in Mesopotamia is a fluent reader 
of the Akkadian script. 
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The idea of an interpenetration of the great disciplines is not a day- 
dream. Napoleon wanted students in the French Ecole polytechnique to 
take courses in architecture, and it is obvious that fine arts students will 
some day—sooner, let us hope, rather than later—secure a form of technical 
training which will enable them to take the best advantage of new materials 
and new tools. 

Of course, the type of technical education for which we are calling raises 
many difficulties. It will be necessary to define the direction in which evolu- 
tion is going, to distinguish the currents within it and to analyse its pos- 
sibilities; the ideas treated of must be selected, and the pupils’ minds 
concentrated on what is really worth absorbing. 

The educator’s task will be the less easy in that the achievements of 
technology often transcend nature. We belong to a world to which our 
inventions are often quite foreign. The wheel is at the basis of mechanics, 
but there is not a single example of it in the work of the Creator. That is 
why the wheel, whose invention goes back to the most ancient times, long 
remained something of a riddle for man; in the Middle Ages it was even 
suspected to be a device of the devil. On the other hand, “alternating 
movement” has from the beginning been a familiar friend of man, who 
has used it to create dancing and music, because in nature everything is 
alternating movement—the beating of the heart, the rhythm of breathing, 
and walking. The clock becomes a living thing because of its tick-tock, as does 
the railway engine with the two-stroke rhythm of its connecting rods, and 
its puffs of smoke or steam that might be the regular breathing of an animal. 
That is why literature, music and more recently the cinema have made the 
steam locomotive a symbol of dynamism. Everyone knows the film made 
on “Pacific 231”. Its great merit was to have distilled superb visual and 
musical images out of the mechanical world, with no apparent effort of 
transposition. It succeeded admirably, but it must be admitted that the 
technique it hymned was technique, as it were, on the human plane. It no 
longer holds good of the electric locomotive, whose rhythm has ceased to 
be our own. A 2D2 engine has every bit as much right to be considered a 
symbol of power. But in this case, a transposition must be made; we have to 
have things explained, and that is the case with all conquests of electricity, 
wonderful though they are in many ways. The same can be said of the 
turbine and the jet engine, whose working does not reflect human move- 
ments in the way that cranks and connecting rods do. 

But often enough the effort of initiation called for by technology is not 
so very arduous. Take the aeroplane; within a single generation, it has 
become one of the most familiar images in the mind of man. As for the 
bicycle, it is typical of an invention which starts by being, to all appearances, 
a paradox and ends by becoming a commonplace. For all that, there are 
few cyclists who could explain the mystery of how they keep their balance; 
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it takes a knowledge of higher mathematics to do so; yet explanations of 
this sort could, it would seem, be made simpler. 

There are other difficulties involved in an initiation into technology. For 
reasons already explained, it is slow, and calls for time. But there is a 
danger that the steadily increasing tempo in the evolution of techniques 
may end by thwarting our attempts to adapt Everyman to them, for there 
is no reason to believe that the pace of scientific advance will slow down. 
A given discovery in one field leads to further discoveries in others, and so 
the possibilities of the future increase and multiply. 

Every technique, therefore, is going to be more and more rapidly replaced 
by another. Metallic construction of the Eiffel Tower type has had nothing 
like the long reign originally forecast for it; welding entered the picture, 
then reinforced concrete, and now pre-stressed concrete has opened up new 
possibilities. Plastic materials are treading hard on the heels of modern 
metals such as aluminium and magnesium. The neon tube is gaining a 
monopoly of artificial lighting. Jet planes are dethroning piston planes at 
the very moment when the latter seemed to have reached their apogee and 
when the airscrew had become the symbol of the conquest of the air. 

Will men have the time, in a life whose span cannot materially increase, 
to digest and “humanize” all the new discoveries which are jostling each 
other for attention? The very inventor no longer has the satisfaction, which 
his predecessors had, of bequeathing to his sons or his pupils the task of 
completing or perfecting his invention. It is, of course, a lesson in modesty 
—a lesson which escaped to some extent the pioneers of the great tech- 
nological revolution of the nineteenth century, who believed themselves to 
be moulding, for a long period of time, the shape of a new world. 

Furthermore, the very fact that diversity is the keynote of progress is 
going to make it difficult for man to develop any affection for technology. 
In the days when the average child had a mere handful of toys, he was 
devoted to them all; but today, when he is surrounded by a wealth of the 
most wonderful playthings, he does not feel the same kind of fondness for 
them. It has been suggested that the same sort of fate awaits technology, 
and that the proliferation of techniques will lead to a regrettable dissipation 
of the mental faculties, whose concentration is essential to any “life of the 
mind”. We come up here against an objection which is not often clearly 
formulated, but which we find, nevertheless, subconsciously underlying 
many criticisms of technology. It is a fact that the capacity of conceiving 
an affection for objects, of devoting oneself to them to the point of endowing 
them with their own life, is not unlimited. In the old days, a middle-class 
home would never have more than one or two works of art, which might 
be more or less good and were often very beautiful, and which had become 
a part of the family and expressed its personality. Then, cheap colour 
reproductions came upon the scene. Today, photography, engraving, casting 
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and colour reproduction have made such progress that the old chromos 
can be replaced by works of considerably better artistic quality; but these 
are such common currency that they are incapable of riveting the attention. 

Is this, however, the fault of technology? No; quite definitely, it is the 
fault of man. Man has got to make a choice; from that essential function, 
no technique, however perfect, can absolve him. The applications of science 
may multiply the opportunities open to man, but they do not relieve him 
of the major problems; they present those problems to him, not for solution 
by science, but for solution by him. More than ever, then, he must learn 
to classify his observations, to derive advantage from them, to sift out the 
essential from the unimportant, and to train his judgment so that he shall 


-_know how to choose. Here, once again, we find that technology and culture 


are twin brothers, which owe each other mutual help and guidance. No 
mistake could be greater, and potentially more tragic, than to try to separate 
them, when the prime objective of a modern education, rightly understood, 
should be to unite them. Indeed, if our line of approach were right, it 
would be hard to distinguish one from the other. The supreme lesson that 
a man learns from a literary education—that lesson which, in the happy 
phrase of Edouard Herriot, remains when he has forgotten everything— 
is the same as that with which he emerges from a technical education: the 
lesson that, of all the wonders of the world, man is the greatest. The aim 
of technology is not the triumph of matter, an expression which anyway 
has little meaning—it is the triumph of man.. 

Nothing can prevent technology from overrunning the world, and nobody 
today can avoid some form of permanent contact with its achievements. It 
is not as if there were two kinds of existence between which we could 
choose; the choice has been made, and we are committed to it. This being 
so, we should avoid recrimination and should ask ourselves whether tech- 
nology, which we can no longer escape, cannot offer the world advantages 
of a high cultural value. If the answer is yes—and we believe we have 
shown that it is—wisdom counsels us to adapt ourselves to technology and 
try to derive from it the benefits which are still, all too often, merely 
potential. 

The contrary attitude has no meaning. There is not a single field in which 
it can help us, and it is the cause of deplorable misunderstandings, especially 
in countries where two groups of men stand out against each other. On the 
one hand there are those, and they are many, for whom technological 
progress is only a spur to their ill-humour and who regard “mere engineers” 
as second-class citizens. On the other is the faction of the technicians; angry 
and disheartened, they are no longer prepared to make the necessary effort 
to place the form of evolution they control under the egis of culture. 

If this rift were to be widened, culture would lose the incomparable 
stimulus that technology ought to be for it, declaiming as it does, in terms 
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of everyday life, the epic of science. Engineers and workmen would increas- 
ingly come to occupy, in the human family, a place apart. As for tech- 
nology, its evolution would no longer be guided and controlled and, with 
public opinion indifferent or hostile to it, it could count only on the 
unsteadiest support from the authorities. All this makes one wish that the 
great daily papers, for instance, instead of playing down to the lowest 
instincts of the masses, would set out to interest their readers in the applica- 
tions of science and in science itself. If they did, we should see less hair- 
splitting quarrels in the world and more disposition to advance towards the 
future. 

But we cannot give technology what should be, and has been, its rightful 
place among the good fairies of humanity unless we undertake such fun- 
damental reforms in our present educational system as shall ensure for all 
citizens, whatever their abilities, a fitting introduction to its treasure-house. 
If we do, the open-hearted co-operation of all men of good will should, 
and indeed will, set the course of the process we cannot escape towards 
higher ends. It is high time that technology and culture made common 
cause, and that their disciples came together in one body. Only so can the 
now overdue marriage contract be signed between science, working in the 
service of man, and the highest concept of man. 
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The evolution of living beings is, today, so gradual as to be imperceptible. 
It may be, indeed, that this was always so, and that appreciable changes 
can only be detected over a very long period; or it may be that, in the past, 
physical conditions were more conducive to change in living organisms. In 
any case, the fact remains that apart from the slow extinction of certain 
species—and even this is tantamount to disappearance, not to morphological 
changes—there is nothing, today, which appears to indicate the phases of 
any specific evolution. Mutations and modifications are possible; but they 
are artificial, and depend on the action of man himself. Yet the world we 
are living in is far from static; not only is it the scene of tremendous activity, 
but this activity rapidly changes its form. While the living species seem 
scarcely to evolve any further, the evolutionary process in man’s practical 
achievements is anything but slow; and it cannot be said that forms of art, 
theories of philosophy and science, and numerous other types of creative 
activity are “static”. Evolution in the sphere of things material is in fact 
gathering speed, and it would seem that the influence, on man, of this world 
he has created has never been so marked. 

We cannot examine as a whole the history—even the recent history—of 
this universe of man-made creations; the task would be too complex. It is 
better to confine ourselves to a few specific aspects, to try to identify a few 
of the more important trends and to seek to determine the effects which 
they may be expected to produce in the human field. 

It may be said that the evolution of man, which is perhaps proceeding on 
the mental plane but which biologically speaking seems to have been halted 
or at any rate slowed down, is now at work in the sphere of the “artificial”. 
Human societies, fortunately, show no sign of developing along the same 
lines as some animal species where differentiation leads to narrow special- 
ization (in some insect-families, indeed, certain species have been reduced, 
through evolution, to mere “living tools”). The external aspect of man has 
not changed; but he has created objects suited to him which enable him, at 
will, to perform certain tasks that he would scarcely have accomplished by 
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his own unaided efforts. The invention and improvement of tools may be 
regarded as a continuation of biological evolution; what evolves here is no 
longer man himself, but the entity formed by man plus his creations. 

The tools man has invented may be regarded as “artificial organs” forming 
an extension of the hand that controls them—rudimentary organs, since the 
motive power and the thought behind them both stem from man. Their 
usefulness derives solely from their shape and strength, which make them 
more suitable than natural human organs for the performance of certain 
tasks. The first elementary tools have gradually evolved, their shape changing 
so as to make them better adapted to the needs of their users. The introduc- 
tion of systems of levers which, without the application of any extra energy, 
enabled forces otherwise unattainable to be brought into play corresponded 
to a sort of “mutation” representing a great step forward. That step fades into 
insignificance, however, compared with the progress marked by the harnessing 
of non-human sources of energy; the tool then became a “machine”, though 
it was still controlled by man, whose faculties of observation, reflexes and 
thought remained essential factors. This introduction of the “energy” element 
into the world of tools marked an important revolution, corresponding to a 
veritable “mutation” in the world of man’s artificial inventions. 

Meanwhile, other new instruments had been evolved. These represented 
an extension, not of the human hand, but rather of the human senses— 
especially sight, since the instruments were nearly all optical appliances. 
They neither supplied energy, nor functioned as artificial organs. They were 
the first example of apparatus designed to permit more minute observation, 
and so to supply fuller data about the “subject” dealt with. Magnifying 
glasses, microscopes, optical instruments and acoustic appliances enabled 
man to amass more information than he could secure with the unaided use 
of his senses. These instruments increased both the power of differentiation 
and the sensitivity of the sensory organs. 

This revolution associated with the collection of “information”, was as 
important, from the standpoint of progress, as the first systematic exploita- 
tion of sources of energy. The information aspect, fundamental though it 
is, may conceivably be overlooked in the case of optical or acoustic instru- 
ments. It cannot be overlooked in the case of the various forms of tele- 
communication. Modern transmission systems provide the human ear and 
even the human eye with a kind of “aerial”, enabling man to hear and see 
things at considerable distances, so that he acquires, by artificial means, 
faculties unattainable by even the most advanced process of natural evolution. 
These same telecommunication instruments, moreover, extend the range of 
the natural human organs almost indefinitely—tele-control instruments equip 
man with tentacular “arms” and “hands” such as one would expect to find 
only in some purely imaginary creature. 

These “artificial organs” can be accurate, can release great quantities of 
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energy, and can operate at a distance; but there their power ends. The 
introduction first of the energy factor, and then of the information factor, 
marked two significant revolutions; the appearance of “artificial organs” 
with the power of reflex action likewise transformed the whole position. 
These reflex or “servo-mechanical” organs make it possible to impart to 
instruments (in most cases electro-mechanical instruments) certain “ten- 
dencies”, somewhat similar to the tropism of plant life. One appliance will 
maintain, so far as possible, a constant temperature in given premises; 
another will ensure a speed of rotation that varies very little; and yet others 
—highly complex—will, under straightforward conditions, act as automatic 
aircraft pilots. Instruments such as these have the new feature that they 
are not merely passive, but display a positively human sensitivity and 
personality. They relieve man, not of muscular effort, but of the mental 
strain involved in the supervision or working of certain machines—processes 
which, simple though they may be, require long training and soon become 
wearisome. 

One further step, and appropriate “artificial organs” can be made to 
perform certain inescapable mental functions. All appliances for recording 
on discs, films or wire now supplement the memory to an extent that would be 
beyond the power of any organic evolution of the brain. Here, too, it is a 
case of information being stored-up in the minimum of space. More elaborate 
still are the arithmetical and other calculating machines which relieve man 
of the burden of long and complicated mental processes involving no 
exercise of the creative faculty. 

Technological evolution has thus transformed, not indeed “biological 
man”, but the bio-mechanical unit constituted by man and his instruments. 
Man can now see and hear things that are happening considerable distances 
away; he can detect the most minute details; he can exercise “distant 
control”; and he can relegate certain tasks to reflex organs or to instruments 
endowed with memorizing and logical faculties. We are in fact confronted 
with a new being, who is capable of rapid and unexpected improvements 
and who, since he is in a constant state of evolution, is difficult to describe 
in concrete terms. His nervous system may be extended, whenever he so 
desires, by a dense network of wires and cables; his brain may be sup- 
plemented by tireless machines packed with results, dates, and figures, 
which can be manipulated in accordance with highly elaborate systems; his 
limbs, fantastically extended, enable him to operate in far-off places. And 
this being, with its hypertrophic brain and tentacular limbs, is man—man 
who, in the space of a few decades, has been transformed to an extent that, 
under a slow process of natural evolution, could have been conceivable only 
over a period of a hundred thousand years. This new stage is a natural 
step in the evolution of the living world. 

We are witnessing an episode of paramount importance. Life, which is 
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so closely associated with inanimate-matter but yet appears to be so different 
from it, unexpectedly switches back towards the material world. By a sort 
of unnatural grafting process, metal organs form an alliance with the organs 
of the flesh. Electronic tubes and electricial networks replace the neurons 
and form independent nervous systems. Optical systems extend the range of 
human sight, and acoustic apparatus the range of the human ear. A curious 
symbiosis is established, with a whole section of the inanimate world 
collaborating with man so closely as to become part of him. So there arises 
a new type of being, born of man and machine—a being able to see as far 
as the stars, and scrutinize the infinitely small. Though suspended, like man 
himself, between the two extremes of the infinitely small and the infinitely 
great, this new creature has a field of action wider than that of man; his 
senses are finer, enabling him to perceive large molecules and distinguish 
far-off galaxies; his horizon encompasses both the realm of the molecules at 
one extreme and, at the other, the stellar system which, in the face of the 
finite immensity of the universe, can no longer be ignored. This being 
appears to be subject to a constant process of expansion, driving him to 
explore and occupy an ever growing domain. He tends to fill the space 
unfolding before him, thus continuing the slow process of conquest which 
began with the appearance of life on earth. But it is not merely space that 
is revealing its microscopic and macroscopic structure to modern man, 
thanks to his now vastly more acute senses. Time itself takes on a different 
value. The numerous recording methods—photogrdphic, magnetic and other 
—enable a considerable amount of facts to be registered; and events are 
being recorded with a new precision and in greater detail, thereby increasing 
the collective records of mankind. Human memory is, so to speak, expanded, 
and time has more to offer. Thus modern information and recording 
processes provide man with a wider view, and extend his “real” span of life; 
a given period is thoroughly exploited, and probed in every detail. Man— 
spectator and actor in the world arena—penetrates ever deeper into the 
mysteries of the universe, and extends his influence to the remotest and most 
inaccessible areas. 

This astonishing evolution is due, in great part, to the application of 
cybernetics. This science is hard to define; it deals with the theory of 
information, transmission systems, and logical processes, from the stand- 
point of electro-mechanics, neurology, and even economics. It is symbolized 
by the helmsman who watches the ship’s course and adjusts the rudder 
where necessary; the symbol, like most symbols, is perhaps not altogether 
an accurate one, yet it is very suggestive. The science of cybernetics provides 
man with new instruments that increase his physical and mental powers; 
it relieves him of irksome tasks; and it is designed to guide him, make his 
footsteps (metaphorically speaking) firmer, and enable him to surpass him- 
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It is not, of, course, the first time that the world has witnessed so 
profound a revolution. The scope and novelty of the possibilities that 
cybernetics are quick to open up to us in some ways recall the changes 
resulting, at an earlier period, from the introduction of the systematic use 
of thermic machines. The steam-engine was operated by a source of power 
derived neither from animal nor from man, the only precedents being wind- 
and water-driven machinery, the one subject to weather conditions and the 
other to geographical factors. With power available everywhere, at all times, 
and in practically unlimited quantities, the industrial revolution, that turning 
point in the history of civilization, became possible.. It put an end to 
certain forms of near-slavery—for instance, the business of pumping water 
out of mines, hitherto done by hand, was henceforth undertaken by machines. 
There was, therefore, a “relative” measure of deliverance; certain of man’s 
more irksome tasks were eliminated by the force of circumstances. Unfor- 
tunately, fresh difficulties quickly arose from the systematic and somewhat 
blind use of the new machinery—difficulties which could have been avoided, 
or at least lessened, with a little more experience and better preparation for 
the introduction of the new methods. The need for control and supervision 
of the machines gave rise to new occupations constituting, it must be 
admitted, new forms of servitude, though indeed less harsh than the old 
ones. However, these disadvantages have gradually been eliminated, and 
there can now be no doubt that the advantages of the industrial revolution 
greatiy outweigh its past disadvantages. 

It would indeed appear, as Norbert Wiener has pointed out, that we are 
now at the beginning of a second industrial revolution, comparable to that 
of the last century. This revolution is due to the application of cybernetics; 
while the first industrial revolution resulted from the introduction of more 
convenient methods for obtaining energy, the second arises from man’s 
new capacity for having certain mental processes carried out by automatic 
means. The first revolution meant a sort of. “economic devaluation” of 
muscular energy; the second involves a “devaluation of the brain”. A 
probable result will be the elimination of tasks requiring highly trained 
though rather minor faculties—certain branches of accountancy, statistics 
and numerical calculation will be operated entirely by machinery. This will 
clearly be a step forward, and will put an end to a form of slavery every 
bit as reprehensible as, though admittedly less burdensome than, the physical 
slavery of early times. For it is unjust to subject men to work that provides 
no outlet for their essentially human qualities of imagination and initiative; 
yet the number of those who live by such occupations today is legion. The 
purely “passive” parts of typing and stenography,. and generally speaking 
all recording operations in the form of dictation or copying, could be 
mechanized. Even translation (at any rate literal, word-for-word translation) 
could be revolutionized in this way, as well as the operation of certain 
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engines, and various forms of supervision which, though demanding attent- 
iveness and quick reactions, call for no real initiative. The sudden elimination 
of these occupations would, obviously, create a serious crisis, but there 
seems no reason, in the long run, to foresee any very disastrous con- 
sequences, since the process of evolution will presumably be slow and, even 
if it were not, the necessary measures could no doubt be taken to put a 
brake upon it for the time being. Moreover, these new methods will them- 
selves create new occupations, since they will require qualified personnel to 
apply them. 

Man evolves slowly, or at any rate much more slowly than the artificial 
mechanisms with which technological progress provides him. In order for 
there to be harmonious symbiosis, man must be able to adapt himself to 
the new conditions of life. Man is changing his environment; and his prob- 
lem is no longer how to adapt himself to the natural universe, but how to 
adapt himself to the artificial universe of his own creation. For instance, the 
invention of power-generating machinery has largely dispensed with the 
need for muscular force, but the human body still needs as much exercise 
as before—which is possibly one of the explanations of the popularity, 
today, of outdoor sport, physical training, and so forth. When man is 
relieved, as he will be in the near future, of a number of exacting though 
minor inteilectual tasks, may he not lose the faculty of bringing his mind to 
bear on such secondary yet basic problems which call for memory and 
a sense of order? The time thus saved can, of course, be devoted to “nobler” 
tasks, requiring creative ability; but is there not a danger lest, once the 
simple efforts of memory are no longer necessary, the higher faculties may 
become atrophied? It is of course true that creative minds often appear to 
be allied with poor memories; but in these cases the memory may in fact 
be highly developed in other directions, sometimes overlooked because they 
are unusual. How can man adapt himself to the new situation without 
allowing some of his faculties to become dulled? Perhaps he will offset this 
lack of mental “training” by taking up some voluntary intellectual activity; 
probably, also, the problems inherent in the use and control of the new 
machines will exercise man’s basic intellectual faculties sufficiently to prevent 
their falling away. 

Human thought was disseminated and preserved, in the beginning, by 
word of mouth. This accounted for the link between succeeding generations 
whereby what had been won in the sphere of the intellect was preserved, 
and the failure to transmit knowledge by heredity remedied. It is this faculty, 
developed to the maximum, for exchanging ideas which constitutes one of 
the bases of man’s superiority over other living creatures; the evolution of 
language was also a factor of prime importance, and all improvements in 
methods of transmitting or recording human thought must inevitably have 
considerable repercussions on the history of the human race. Another all- 
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important step was the invention of writing, and the subsequent evolution 
of its various methods; while the discovery of printing opened a new era, 
a veritable “age of the book”. Will not the new methods of recording the 
spoken and written word, and the modern processes of packing immense 
quantities of data methodically into a small space, produce an upheaval 
comparable to that caused by the invention of printing? Microfilms have 
revolutionized libraries; the cinema can infuse new life into whole sections 
of education; and radio and television appear to be challenging the written 
document in some domains. Shall we not see the “age of the book”, and 
subsequently the “age of paper”, gradually giving place to the “age of 
electro-mechanical recording”? But there seem to be dangers, too, in this 
prospect. Learning to read is a valuable mental exercise, conducive to 
intellectual development; the process of reading requires effort and con- 
centration, both of which are beneficial. The film, the radio and television 
have already, to some extent, tempted people away from the drier and less 
facile occupation of reading. So there is a drawback—the danger of a drop 
in the general intellectual level. But the same thing, surely, could have been 
said in the early days of printing—that oral learning was better than learning 
from books, because the pupil had to pay closer attention, and was obliged 
to take notes. Yet all such fears, if indeed they were ever expressed, proved 
groundless in the event. The advantages accruing from the popularization of 
reading led to an intellectual flowering unparalleled in history, and it is 
probable that the application of cybernetics will produce a similar upsurge. 
Man will assimilate these changes, and it is more likely than not that his 
new facilities, so far from impoverishing his intellectual faculties, will 
actually promote their development. 

Just as, first in the nineteenth century and then in the twentieth, the 
development of methods of locomotion contributed to the progress of large 
countries, so will the development of means of communication strengthen 
the links between the members of a given community. Despite the constant 
misunderstandings of the past 50 years, and its abuse for propaganda 
purposes, progress in the means of transmitting information has done much 
to bring people from different countries together. The modern child, if he is 
receptive, can know more about the various peoples of the world than the 
average adult did half a century ago. Even the customs of foreign countries 
are less unfamiliar to us than they used to be, and our information about 
them is more reliable than it could have been even a few years ago. Thus 
all progress in the techniques of information brings with it the possibility of 
improved relations on the human plane. 

Cybernetics can, in the field of the human sciences, assist this ‘radual 
process of “unification” that is facilitated by improved methods of com- 
munication. It can be used to draw up statistics, work out forecasts, and 
put into practice economic theories which, because of their numerical 


177 





CYBERNETICS AND THE FUTURE OF MAN 


implications, it has hitherto proved impossible to apply. It should, therefore, 
become a useful aid. Ampére used the word “cybernetics” as meaning the 
art of government—and that is in fact one of this science’s most interesting 
fields. Not only should it lead to better administration; it should make it 
possible to govern extremely large communities. For the difficulty - of 
organizing large federations resides not merely in mutual incomprehension, 
but in the existence of delicate administrative problems. 

There are however other spheres in which radical changes can be brought 
about by cybernetics. There are many questions which, though solved in 
theory, await solution in practice because the machinery for making the neces- 
sary calculations quickly enough is lacking. Weather forecasts, the triangul- 
ation of vast areas, and tidal forecasts, all come within this category. The 
introduction of the modern calculating machine is comparable in importance 
to the invention of the decimal system, without which modern mathematics 
and physics could never have progressed as they have done. The applied 
sciences, as well as certain branches of the social sciences, will also no 
doubt benefit. The only question is whether the resulting development of 
technical research may not, though valuable in itself, prove prejudicial to 
research in the fundamental sciences; but this danger is more apparent than 
real, since those who opt for research in fundamental science do so not out 
of necessity, but because they are attracted naturally towards it; and there 
is no reason why, in the world of tomorrow, such tendencies should change. 
Moreover, cybernetics, though there are various ways in which it can be 
applied, is not in itself a technique. Parts of it affect the human sciences, 
other parts physics, and yet others mathematics. In fact, it paves the way 
for pure scientific research, and can inspire abstract study as well as practical 
applications. 

But it is not only in science that the techniques of cybernetics can be 
of influence. The arts too may undergo sweeping transformation. Painting, 
sculpture and written poetry are each based on a particular method of 
recording information—recording by line and colour, by form imparted to 
matter, and a “code” based on symbols. The invention of the cinema, yet 
another means of recording, produced a specific form of art; and it is 
conceivable that the new recording methods of the future may, by opening 
up fresh prospects, at least partially supplant traditional forms of art. The 
existence of too many possibilities may indeed prove a drawback, and 
lead to bad taste asserting itself; but we have already seen how the cinema, 
though the average standard of films is low, has produced an “art of the 
film” whose finest works challenge comparison with anything that the 
traditional forms of art have achieved. The art forms based on the new 
recording methods will introduce a medium that doubtless has its dangers, 
but that will, it may be hoped, bring fresh inspiration to a field in which 
so many themes have already been exhausted. 
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Just as the symbiosis of man and machine gives birth to a new being— 
the modern product of evolution—so the alliance of society and the machine 
engenders a creature of gigantic dimensions, who is gradually extending his 
influence over the whole surface of the globe, and exploring the entire 
universe in which we live. One of the most important stages in this evolution 
has been the improvement of communications. Navigation (river, coastal 
and transoceanic), overland roads, and finally intercontinental air routes 
have provided the framework for this composite system linking up its 
various parts. In this, cybernetics has played no part; its influence has been 
felt through the introduction of improved methods for the transmission of 
information. Visual telegraphy, cable telegraphy, the telephone, the wireless, 
picture-transmission by belinograph, and television have provided human 
society with a kind of giant nervous system extending over the entire globe, 
a huge machine on a planetary scale. The result is a vast composite 
organism, of which each man, with his attendant mechanisms, is an element; 
an organism which may perhaps be compared to a film covering the surface 
of the earth—or, better still, to a form of lichen constantly extending its 
hold over the space before it. Its nervous system is not yet complete; new 
tendrils are constantly appearing, penetrating ever deeper into the most 
isolated areas. This telecommunication system exercises a unifying effect, 
preventing the spontaneous disintegration of the whole, and eliminating 
to some extent the risk of radically conflicting influences arising, to which 
the “universal being” might be exposed. The transmission of information in 
a “closed cycle”, implying the formation of an independent, self-contained 
nervous system, a: kind of sub-system within the main system, can hardly 
occur spontaneously. To obtain such a result, the human will must be 
systematically brought into play. It may, possibly, be achieved over a fairly 
long period of time; but it has to contend with the natural trend of the 
world network of telecommunications to expand and to penetrate any 
regions capable of splitting off and forming independent systems. 


Cybernetics may lead to changes in the structure of societies, in individual 
psychology, in methods of communicating thought, in methods of administra- 
tion, in the evolution of science and of the arts. The science of cybernetics 
gives man fuller control over nature, and encourages him to extend his 
capacities and so adapt himself to the new situation which he is creating 
in the world around him. It strengthens the links between human societies, 
and provides them with more effective methods of solving their problems. 

Will man be able‘to adapt himself to all these changes, and at the same 
time to preserve his true nature? Is there not a danger that he may lose his 
character, and be transformed into something which, though superior to us 
in many respects, we would nevertheless not wish to become? But are we, 
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after all, in a position to judge? It is probable that the man of the future, 
looking back on us, will think us incapable of judging him at his true worth. 
Be that as it may, certain values must be retained if changes within the 
world are to be intelligent and worth making. With the means at our disposal 
becoming ever more powerful, we must ensure that they are used to worthy 
ends. Only so can man’s progress upwards, slow though it is, be maintained. 

Moreover, the new methods must be applied according to a plan carefully 
enough drawn up to prevent fatal crises arising. The first industrial revolu- 
tion, though it raised our standard of living above that of earlier generations, 
gave rise, initially, to a series of upheavals which afflicted Western society 
for a considerable period. Such upheavals are not an inevitable accompan- 
iment of technological innovations. We now possess a certain amount of 
experience—acquired, to some extent, “the hard way”—and should there- 
fore be able, this time, to avoid the traps into which we fell during the 
nineteenth-century economic revolution. There are many countries where 
there has, as yet, been no industrial revolution; and this is a wonderful 
opportunity, for those countries will be able to enjoy the benefits of these 
technological advances without paying the price of the attendant upheavals 
which the West was unable to avoid. This applies to the technical revolu- 
tions to come, as well as to the first industrial revolution. The innovations 
made possible by cybernetics as regards robots, transmission, calculating 
machines, classification machines and so forth can be accompanied by pre- 
cautions to eliminate the risk of possible repercussions. No revolution is 
necessary; what is possible, and preferable, is a gradual process of evolution. 
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The problem of desert reseach is three-dimensional, if I may put it that 
way. It has length, for its line extends from one end of the sciences to the 
other. The science of this subject is so diverse in its nature and so complex 
in its interdependence one part on another, that the collection of papers for 
a symposium such as this takes on the character of an encyclopedia. It has 
breadth also, for its problems sweep across geographic and technographic 
boundaries, and its depth arises from our realization that only by digging 
below the surface of events and establishing the basic facts can we hope 
to make sure progress. We shall not get much further by observing the 
superficial kaleidoscopic pattern. 

Over-simplification of a problem is always fraught with danger, and in no 
subject that has come within my experience is the danger so patent and 
obvious as in desert research. We want water. In many cases we have it, 
but in the wrong places and at the wrong times. Where we have it in the 
right places, a very great deal is often wasted. When at great cost we 
attempt to even things out by storing water and distributing it where we 
need it, we soon find that we must take care to drain it away, lest arising 
salinity destroys all our efforts. And whilst some are crying out for water, 
others are periodically flooded out, and cities and their fertile lands are 
devastated by torrential rains. “Nature hits back”, as the saying goes, but 
this is another dangerous over-simplification which requires qualification. 
It represents Nature as a wrathful deity striking revengefully against man. 
This is false. Nature is wrathful against ignorance. If we do not seek 
and discover the truth about the nature of things, we suffer and will 
continue to do so until we exert ourselves to find out why. When we do 
this, we do not find Nature hostile or revengeful. Flying, perhaps the most 
momentous achievement of this century, illustrates this as well as anything 
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else. The legend of Icarus stood for thousands of years as a grim warning to 
those who would tempt the gods and realise the age-old dream of man to 
fly like birds. And many paid for the attempt with their lives. But the dream 
came true when spasmodic attempt was replaced by scientific study, and 
to spirit and courage was added knowledge. 

But knowledge requires application if we wish to gather its fruits, and 
this demands its own consideration. Science is one thing and its application 
quite another. At this concluding session, therefore, it may be useful if we 
take stock of what means we have at our disposal, first for getting the 
knowledge we lack, and secondly of applying it to useful ends. The phrase 
“the conquest of the desert”—and there is about one-third of the 
earth’s surface where we cannot properly live and whose resources are 
completely or very largely denied to us—this phrase has a certain military 
flavour, and with some justification, because it stands for a campaign which 
requires, for its successful prosecution, the same kind of strategical planning 
as does a military campaign. 

In some respects we are well off. The problems we are concerned with 
are international in character and we may rejoice in knowing that Unesco, 
acting under a general directive from the General Assembly of the United 
Nations, is deeply interested, in a practical way, in research into problems 
of the arid zone. In November 1950 the Director-General of Unesco 
convened an Interim International Arid Zone Research Council, to consider 
ways and means of furthering research in the subject. An Advisory Com- 
mittee has been set up and recently the General Conference of Unesco 
approved resolutions authorizing the Director-General under five specific 
heads to assist, financially and otherwise, projects forming part of a co- 
ordinated programme of fundamental arid zone research, to collect and 
disseminate information, to ask for studies on particular problems and to 
organize, in collaboration with a Member State, a symposium on a specific 
group of those problems. This is a significant advance in international 
collaboration in the world of science. Out of these resolutions have come 
the symposium in Ankara on arid zone hydrology, which some of you 
have attended, and the present symposium under the sponsorship of the 
Research Council of Israel in co-operation with Unesco. And we are 
fortunate in having with us Dr. Frank Malina, Head of the Scientific 
Research Division of Unesco. 

Another Specialized Agency of the United Nations, the Food and Agri- 
cultural Organization, is also actively concerned with arid zone problems 
and the practical nature of the assistance given by its Land and Water Use 
Branch has been well described to us by Mr. Martin R. Hubertyy of FAO. 

The Unesco resolutions concern both fundamental and applied research. 
About fundamental research we need not worry ourselves overmuch, except 
to see that a sufficient effort is devoted to it and that the time of those 
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engaged in it is not unduly encroached upon to deal with technological 
application. The less fundamental research is organized the better. It wants 
above all things the right kind of man and suitable conditions for work; 
any co-ordination it may need can be provided by some international body 
such as the Advisory Committee on Arid Zone Research. I say “inter- 
national body” because no other kind of body could provide the service 
required and because I believe that every country interested in the subject 
ought to bear a fair share of maintaining what is, after all, the scientific 
capital of the subject. It is good for the health of arid zone research, for 
no one country has a monopoly of brains and ideas, and it is good for each 
country also. I find that when Unesco first considered the matter of research 
into problems of the arid zone, its first thoughts were directed towards the 
possible establishment of an international institute of the arid zone, but the 
idea was shelved, and rightly so, in my view, because in this stage of our 
development it is of the first importance to foster existing national institutes 
and to build up new ones spread among the countries concerned. An 
international institute may come later. Time will demonstrate the need. 

I have likened our task to a military campaign. You here tonight are 
the generals, and I gather from the quality of the papers submitted to this 
symposium that there is nothing much wrong with the generals. But an 
army wants something more than generals—it requires bodies of trained 
troops, and here, I fancy, lies our weakness. There is no magic in science, 
and contrary to some popular beliefs we do not work miracles. Equally, 
however, we cannot work anything else unless we have sufficient trained 
technologists, engineers and technicians to get to grips with the practical 
problems presented in each area. To many young graduates this kind of 
work often appears relatively unattractive and unrewarding in the true 
sense. This is manifestly wrongheaded—but it is not what is true but what 
people believe to be true that matters, and a great effort is required, 
especially among the younger nations to whom the practical solution of 
problems matters so much, to put this matter in its right perspective. 
Certainly in this country a rapid enlargement of the Institute of Technology, 
in which we are now meeting, is a matter of urgent need if sufficient trained 
people are to be available to tackle practical problems, and the same is 
true in each area where similar problems present themselves. It is only 
by a large expansion on a regional basis to begin with that a world-wide 
effort can eventually be successful. 

One of the main reasons why we want more people able to deal with 
practical problems in each locality is that we are lamentably short of com- 
prehensive surveys of which the report of the National Resources Board 
of the U.S.A., in another field, is an admirable example. Because of this 
relative absence we lack, in many cases, the basic data on which projects 
¢an be formulated on a reasonably sure basis. I will not attempt here to list 
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the kinds of survey required in the various arid zones, but those on the 
availability of water, its distribution in time and space, above ground and 
below, and its physical and chemical characteristics should undoubtedly be 
given high priority. In the United Kingdom the Water Act of 1945, making 
compulsory the notification of all surveys and borings of greater depth than 
50 feet, was an important event in a non-arid zone. It has brought in an 
immense volume of valuable information enabling the Geological Survey of 
the United Kingdom to advise the authorities on the location of industries. 
I imagine too that comprehensive surveys on the composition and charac- 
teristics of soils that may come within the range of irrigation would be 
another example among many. 

The technique of making these different kinds of survey and presenting 
the results in a form suitable for analysis are by no means well known, and 
we can note with satisfaction that this matter was considered at the recent 
conference at Ankara,! where the interesting suggestion was made that the 
Director-General of Unesco might produce a handbook as a guide to those 
engaged in the collection of basic data. If this suggestion materializes, I 
hope it will take into account the possibilities of rapid surveying which can 
now be made by air photography. A single aircraft can photograph up to . 
1,000 square miles a day under conditions of good visibility and provide 
not only reliable maps but also ecological information by reference to typical 
air photographs of ground-surveyed areas. 

In planning a campaign against the desert we have to look ahead and 
take account of what science is doing or likely to do in other fields. I know 
that water is not the only thing that matters, but it matters a great deal 
and is perhaps the largest single determining factor. We should not fail to 
take account of the possibilities of artificially-induced rain by the feeding 
of clouds with small pellets of solid CO, (or dry ice, as it is called) or by the 
injection of water drops of a suitable size into the cloud. Extravagant claims 
for rainmaking have been made in some quarters, but the serious scientific 
work on the subject shows that it is quite possible to modify the rainfall 
of a large area either according to time or its geographical distribution. 
Dr. E. G. Bowen, of the Radiophysical Laboratory in Sydney, has made 
an intensive study of the subject under conditions where a number of similar 
cloud cells exist near one another. His conclusions are derived in the main 
from airborne radar photographic observations. He has succeeded in 
observing by these means the appearance of precipitation after seeding, its 
growth with time and its subsequent fall from the cloud. He has carried 
out a sufficient number of experiments to define the conditions under which 
useful falls of rain can be produced by the dry ice method. Rainfall does 
not always have its origin in ice crystals. Much rain in many parts of the 


1. Unesco-Turkey Symposium on Arid Zone Hydrology with special reference to underground water, 
25-29 April 1952. 
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- world is formed by the coalescence of cloud droplets, and Bowen has 
d extended his work to cover artificially-induced rain from the injection of 
,e water droplets. This is not the place to go into this important subject in 
12 any detail, but there is no doubt that given the critical meteorological 
n conditions, rainfall can be artificially induced. This underlines the 
n importance of what I have already said about the importance of surveys. 
of In the absence of systematic observations of the existence of these critical 
Ss. meteorological conditions, which are most likely to be found in countries 
a. with a marginal rainfall, success in artificially-induced rainfall is unlikely to 
be be achieved. 

There is the further point of establishing correlation between rainfall 
ng and crop yield. Bowen’s studies show that in the Maller area of Victoria 
nd the annual wheat yield does not correlate in any way with the annual 
nt rainfall but with the rain falling during the initial growth period of August- 
he September. This has an obvious economic significance and emphasizes the 
ee importance of combining studies in physical science with economics. This 
= is another large matter which I cannot deal with in any detail, but I am sure 
an that because there is so much to do with not enough scientists to go round, 
to . the selection of objectives according to their economic significance is of the 
ee. utmost importance. 
cal With artificially-induced rainfall comes progress in the desalting of 

brackish waters. Any commercially economical method of desalting saline 
nd waters would bring a revolution. We are far from this, but recent information 
ow from the U.S.A. and the Netherlands suggests that important advances have 
eal been made along three lines: 
to 1. Electrodialysis with non-selective mebranes, for example cellophane in a 
ing three- or two-chamber apparatus. 
the 2. Electrodialysis with ion exchange membranes in a three-chamber ap- 
ims paratus. 
ific 3. Ion exchange, with electrolytic regeneration. 
fall There are many problems still to be faced, such as the question of whether 
on. the concentration of various elements after desalting would be suitable for 
ade irrigation water, but it will probably be easier to provide drinking water 
ilar and water for industrial purposes. Nevertheless, the rewards of success would 
ain be so great that intensive work on these processes would appear to be well 
in worth while. 
_ its The economical use of water and the provision of power go hand in 
ried hand. Mechanization, whether for agriculture or the winning of valuable 
rich mineral ores, is an essential factor in our campaign on arid soils. On any 
loes realistic view predevelopment farms, to which Mr. Kellogg drew our atten- 
the tion in his admirable survey, and experimental development sites such as 


we have seen in the Negev, are bound to form the spearhead of advance. 


water, . . . . 
Power even on a moderate scale is bound to be a boon to pioneers living 
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under difficult conditions and we should not neglect the possibilities of the 
utilization of wind power using modern techniques in aerodynamics and 
electrical engineering. In the United Kingdom we have constructed and are 
operating in the Orkneys a modern windmill giving about 100 kW. in a 
30 m.p.h. wind to obtain data on which a reliable economic valuation can be 
made on the utilization of wind power in every locality. Mr. Golding has 
given us a concise objective paper on the subject in which he drow attention 
to the need for wind surveys. Whichever way we turn, we find ourselves short 
of data and I am convinced our progress will be slow and unnecessarily 
expensive unless we replace the guess and the hunch by measurement. 

Any approach to the subject of the arid zones on the lines I have sug- 
gested brings us sharply up against the need for adequate training facilities. 
Our officers come mainly from the universities and technological institutes 
of university standing, but where are we to train our troops? Mainly, in my 
view, in the national institutes on desert research I have spoken of. It is 
time that we shall look to them for basic research, but one can imagine 
institutes with subsidiary field stations spread throughout the arid zones 
themselves and undertaking both laboratory and operational research. The 
one is no substitute for the other. They are in fact complementary, each 
deriving strength from the other. These are primarily national responsibilities 
which, properly undertaken, bring the many-sided power of science and 
technology to the service of a nation, and I might suggest that the Specialized 
Agencies of the United Nations could profitably ‘lend their support and 
co-ordination to national efforts on these lines. 


This address will be reproduced in the Proceedings of the Symposium to be 
published by the Research Council of Israel. 
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The know the future is one of man’s oldest desires. It has driven him to follow 
the queerest cults and has delivered him, defenceless, into the hands of 
unscrupulous charlatans who, throughout the ages, have exploited this 
primitive craving to explore time. 

It was in the seventeenth century, when gambling was the craze and the 
“rationalist” method was brilliantly proving its success, that this urge to 
peer into the future took a scientific turn. Early one morning, the Chevalier 
de Méré, a man of culture and an inveterate gambler, burst into Pascal’s 
house, somewhat dishevelled after a night at the dicing-table, and asked 
him point-blank: “In how many throws can one hope to throw a double-six 
with two dice?” He never imagined that this question was to lead to the birth 
of a new mathematical discipline—the calculus of probability. It was a 
very bold undertaking to attempt, by means of mathematical calculations, 
to forecast events which were subject to chance and therefore seemed to 
be beyond the range of analysis. Pascal, however, was not content merely 
to give his friend a pertinent reply; he saw where the question led and 
discovered that chance was governed by certain rules, thus winning un- 
rivalled fame. 

The increasing numbers of explorers setting out on voyage of discovery, 
and the need felt by large shipping companies to insure their cargoes, were 
to give added impetus to the new “embryonic” discipline, and provide a 
rational framework for facts which had hitherto seemed to depend upon 
pure chance, or upon the benevolence or malevolence of capricious gods. 

At about the same time, under the vigorous stimulus of Galileo, Descartes 
and Newton, research into natural phenomena embarked on an entirely 
different course. Paying no attention to chance and its influence on natural 
phenomena, scientists and mathematicians strove to build up determinist 
mechanics which would gradually account for all natural phenomena. 

It was not until the second half of the nineteenth century, with the 
appearance of the kinetic theory of matter (closely related to the existence 
of atoms and molecules), that the outstanding work of Maxwell, Gibbs and 
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Boltzmann opened the door to chance. But this chance was still a form of 
ignorance, a “second-best”, which it was sought to subject to rigorous 
underlying laws, to confine within a determinist pattern. There was no 
change until the dawn of the twentieth century, when the quantum theory 
gave chance, with its subtle, deep-delving laws, a pre-eminent place in 
physics. ) 

What really was the scientific ideal of classical science? The aim was to 
form a picture of nature which could be displayed by means of mechanical 
“figures and movements”, whose various component parts evolved in space 
and time in accordance with the principle of universal determinism. With 
quantum physics it is entirely different. Here, the behaviour of a physical 
system is charted by means of a highly abstract mathematical concept— 
De Broglie’s wave equation. But this, while completely adequate to define 
the system to which it is applied, points to probabilities only. The calculus 
of probability is thus substituted for universal determinism. The natural 
laws governing phenomena have a statistical character; they are equivalent 
to the law of chance. But is chance subject to any laws? A priori it would 
seem not, for, by definition, chance is impervious to all laws. Yet, subsequent 
to Pascal and other thinkers, mathematicians have in fact evolved a “science 
of chance”—the calculus of probability. It serves primarily to calculate, and 
therefore to predict, the probability of complicated events, on the basis of 
other, simpler events. 

How can the calculus of probability enable us to foresee certain aleatory 
contingencies? How does it manage to eliminate uncertainty in the applica- 
tion of statistics? Methods of forecasting, which are always the same, 
invariably bring into play the single law of chance (Emile Borel). Under 
this law, any contingency whose probability is sufficiently small will not in 
fact arise; in other words, such events have not been, and never will be, 
witnessed by any human being. Therefore, in all circumstances, we should 
act as if they were impossible. On what principles, then, is the calculus of » 
probability based? They are extremely simple, and can be perceived by 
intuition. Let us suppose, for example, that a coin is tossed into the air 
and we are asked to call “heads or tails”. There is an equal probability 
(one-half) of either face turning upwards; there is one chance out of ‘two 
that it will be “heads”, and one out of two that it will be “tails”. In the 
case of a dice with six faces, the probability is one-sixth; there is one 
chance out of six that a “three” will be thrown. A simple probability can be 
defined as the result of dividing the number of favourable events (the 
throwing of a “three”) by the total number of possible events (six faces). 
Other more complex probabilities can be deduced from experience or 
statistics. If, out of 10,000 septuagenarians, 1,076 die in the course of a 
year, the conclusion is that a man of 70 has 1,076 chances out of 10,000 
of dying during the year, i.e. that there is a 10.76 per cent probability that 
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he will do so; the probability is expressed as 0.1076. It is obvious that such 
empirical probabilities or statistics are far from infallible, and can only be 
approximate. 

As it happened, it was as a result of theoretical studies that atomic 
physicists arrived at the conclusion that the laws governing natural pheno- 
mena have a statistical character. As we have already seen there is theo- 
retically one-half of a probability that, in one toss, a coin will turn up 
“tails”. If the coin is tossed a great many times, the number of cases when 
it turns up tails (or heads), divided by the total number of tosses, will be 
about one-half and the difference between the empirical frequency and the 
theoretical probability will decrease with each new toss. If we admit that it 
is impossible to predict the result of a single toss—that is to say, that each 
microscopic event is fundamentally indeterminable—we can, nonetheless, 
forecast the result of a large number of events, and the greater the number 
the easier it will be to predict the result with accuracy. In relation to 
human history and astronomy, determinism would thus be due to the 
levelling effect of the “law of great numbers”, which comes into play in the 
simultaneous inter-action of many individual phenomena. This law does not 
necessarily imply that each individual event is determinable; it merely 
states that such determination conforms to the calculus of probability. We 
can predict that about 1,076 septuagenarians out of 10,000 will die in the 
course of a year, but we cannot say whether it will be John Brown or Peter 
Smith who will die. In other words, while the law is rigorous, the individual 
event is aleatory; nevertheless, the mystical aspect of chance is eliminated. 

By and large, any law of probability is bound to be a law of “approxima- 
tion”. However, when it is applied to a very large number of bodies—to 
gas molecules, for example—the possibility of error is far too slight for any 
known instrument to be able to detect it. Everything happens as if the 
“approximate” law were strictly accurate. What happens, for example, when 
two recipients A and B, each having a volume of one litre and containing a 
gas of different chemical composition, are connected by a large neck in the 
same normal physical conditions? Each recipient originally contains 
thousands of milliards of milliards of molecules—approximately 107 
molecules. After a very short time, the impact of the molecules on each 
other—the impacts being irregular—will have made the mixture of gas 
practically homogeneous; in other words, it would be impossible to discover, 
by experiment, the least noticeable heterogeneity. The conclusion would be 
that each molecule of either of the two gases had the same chance of being 
in recipient A or in recipient B. It would be just as if one tossed, for each 
molecule, to decide what its chances were, at any given moment, of being 
in A or B. Calculation shows that there is only one chance out of 10 that, 
at any given moment, recipient A should contain a hundred-thousandth of 
a millionth of the total number of molecules more than recipient B. Such 
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is the degree of heterogeneity which can be expected in a mixture of two 
litres of gas at normal pressure and temperature. It is obvious that such 
heterogeneity cannot possibly be detected by experiment. This state of 
things can be defined by saying that one isolated system (the gas in 
recipients A and B) never passes from a more probable state (in our case, 
homogeneity of the two recipients) to a less probable state (heterogeneity 
in the distribution of the gases). It evolves of its own accord towards states 
of greater probability. By attributing to phenomena of this kind an abstract 
property called entropy—which, in thermodynamics, is expressed as the 
quotient of a quantity of heat by the absolute temperature—the history of 
this system can be defined by saying that the entropy of any isolated system 
never diminishes. This statement expresses the second principle of energetics 
—that governing the evolution of the material universe. The principle is 
completely valid only for closed and isolated systems. By boldly extending 
it to cover the whole universe, Clausius was able to predict what is called 
the “thermic death of the universe”. This theory, which was at first hotly 
contested, became popular again when ideas on general relativity led to the 
concept that the universe was indeed finite. 

L. Boltzmann, one of the greatest authorities on kinetics of gases, has 
managed to prove that the entropy of a system is proportional to the 
logarithm of its probability. It would therefore appear that the whole 
behaviour of the material universe complies with a law of probability. 
Lastly, it should be recalled that scientists and philosophers have believed 
it possible to link the problem of the direction of time with that of the 
entropy of the universe, thus providing a probabilistic explanation of an 
enigma-which has perplexed the greatest metaphysicians since the days of 
Antiquity. 

After the laws of chance had been fully accepted in the field of pure 
mathematics and given prime importance in contemporary physics, they 
became even more easily applicable, and even more quickly productive, in 
the most complex sciences, and even in those which might have been 
expected to be least subject to the strictly scientific hold exercised by the 
calculus of probability—namely, the sciences of man. 

Demographic phenomena are among the most important of social pheno- 
mena. It was nearly two centuries ago that people began to realize the 
importance of making an accurate statistical study of such phenomena. 
Births are studied in relationship to the age of parents, deaths are classified 
according to age, sex, profession, causes, etc. There has been particularly 
extensive research on mortality statistics, because the whole modern system 
of life insurance, which has spread practically all over the world, depends 
upon this knowledge. The study of mortality figures for the insurance 
companies is an essential feature of actuarial practice and is one of the most 
important fields in which the calculus of probability is applied. 
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In considering the bearing of prices and salaries on a country’s economy, 
it is again, to a large extent, statistics that make it possible to define the 
problems raised. 

Research on the human race forms a necessary stepping-stone between 
the application of the calculus of probability to sociology and its application 
to biology. From such research, the new science of biometry has emerged. 
It consists of studying all measurements carried out upon living beings, and 
comparing such measurements. Many different problems are encountered, 
such as the homogeneity of groups, and the correlativity between the various 
characteristics of a single group. If, for example, the average size of a large 
number of grains of barley is taken as representing what the exact size of 
each grain should be, it will be seen that the positive and negative differences 
between the theoretical and the real size of each grain are divided up in 
acordance with a law of probability known as the “Gaussian curve”. This 
distribution means that grains of barley constitute a homogeneous biological 
group. Let us suppose that the same experiment were carried out with a 
mixture of two different kinds of barley. If all the grains of barley are 
measured and the measurements noted without distinguishing between the 
species, it will be seen that the average no longer has the same significance, 
and that the measurements grouped around the average do not follow any 
simple rule, such as Gauss’s law. The result is a graph with two maxima. 
Two separate phenomena are superimposed, each following Gauss’s law, 
but, together, departing from it. The sizes of the grains of the first species 
are grouped around their average in accordance with Gauss’s law; the sizes 
of the grains of the second species are, similarly, grouped around their 
average. In this way, it is possible to select extremely pure species of barley 
and cultivate them in large areas. Statistics are thus of great value to the 
food industry; brewers, for instance, greatly appreciate homogeneity in their 
raw material. 

Interesting as the biometric theory of homogeneity is, the theory of 
correlations is no less important, for it is the key to major problems in the 
field of heredity. If various measurements are taken on a number of 
individuals, their parents and relations, is there any correlation between 
those measurements? For example, if we know the length of a man’s arm, 
does that tell us anything about the height of his brother? Here, the concept 
of causatily is considerably extended, for of course it cannot be said that the 
length of a man’s arm is the cause of his brother’s height. However, this 
extension of the concept of causality is perfectly legitimate in the field of 
probability, and thus we are led to substitute the concept of correlation for 
that of causality. The immense importance of studying these correlations then 
becomes obvious. 

Let us now consider problems raised by probability statistics in the bio- 
logical sciences, with particular reference to the modern theory of heredity, 
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a field in which there is still a great deal of research to be done. Results 
so far obtained are encouraging enough to justify us in placing great hopes 
in the future of genetics. 

Acording to Morgan and his followers, the characteristics of each human 
being are determined by 24 pairs of chromosomes, or 48 chromosomes in 
sets of two. Every child derives one chromosome of each pair from his 
father and another chromosome from his mother’s corresponding pair. These 
two chromosomes are selected at random from the two chromosomes 
belonging to the corresponding pair in each parent. In order to clarify 
matters, let us call the 24 pairs of paternal chromosomes 

(a,b,) (asbz) (asbs) (agbs) . . ~ (Azabz,) 
and those of the mother 

(C11) (Code) (Csdg) (Cada) . . . (Cosco) 
The child’s pairs of chromosomes may, for example, be 

(a,d,) (aede) (bsds) (ady) . ~~ (Dose) 
but they may equally well be 

(a,d,) (b2c,) (bsgC3) (agd,) ~~. . (A2gCo4) 
As there are 48 independent possibilities of choice from 48 pairs of 
chromosomes (24 from the father and 24 from the mother), a simple 
calculation will show that the number of possible combinations equals two 
to the 48th power. Thus the total number of possible choices exceeds 
250,000,000 millions. This number proves how complex the problem of 
heredity is, for even supposing that we were perfectly familiar with the 
properties of the 48 chromosomes of each parent—and we have not nearly 
reached that stage yet—we could only conclude that their child had been 
selected by chance out of 250,000,000 million possible children, whose 
characteristics, in every case, we would know exactly. Moreover, we should 
have to admit that heredity was entirely conditioned by chromosomes. 

Although the part played by chromosomes in determining each individual’s 
physical, intellectual and moral characteristics has not yet been properly 
defined, it would seem that the presence of certain groups of identical 
chromosomes in two individuals is enough to create very striking resem- 
blances or similarities between them; sometimes even a single chromosome 
will produce a particular characteristic, so marked that it is noticed at once. 
Such is the case with certain hereditary defects. This shows how interesting 
it is to study probabilities connected with the simultaneous presence of a 
given chromosome in each member of a group of individuals, such as 
brothers, uncles and nephews, first cousins, etc., who have one or more 
common ancestors. 

The field of human and animal psychology, though elusive, is likewise 
subject to the calculus of probability. The latter is used for three different 
purposes: (a) to express and define certain relations and laws; (b) to check, 
and interpret in terms of statistics, measurements that are subject to 
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fluctuations; and (c) to search for relationships between groups of measure- 
ments, and particularly between the facts brought out by such measure- 
ments, with a view to discovering the hidden factors involved. Research 
using probability methods in this field has led to the discovery of a 
considerable amount of fresh psychological data. It has been proved, for 
example, that the correlation between two “concentration” tests is no greater 
than that between a “concentration” test and a “memory” test, or an 
“intelligence” test. The question has also been raised whether the study of 
a whole group of correlations would not reveal the existence of underlying 
functional unities, which might be concealed by many fluctuating elements 
and chance variations. A statistical method known as the factorial analysis 
of aptitudes has been evolved. The aim of this method is to discover one 
or more general factors common to all mental tests and pointing, so to 
speak, to “general intelligence”. Here, there are two opposing schools of 
thought: Spearman’s monofactorial theory and Thurstone’s multifactorial 
theory. Whichever is accepted in future years, factorial analysis is already 
established as a method of psychological research and discovery. Thus 
statistics have substitued real functional unities for the old scholastic theory 
of spiritual faculties. They have replaced entities devoid of any meaning, 
and conceived a priori, by a scientific method making it possible to establish 
verifiable laws. By discrediting old fictitious beliefs and opening up new 
lines of thought, they have managed in an extraordinary way, without 
introducing any inaccuracy or confusion, to broaden the basis of our ideas. 

Recently, an attempt was made, by Mr. Pierre Vendryés, to introduce 
probability concepts into the history of mankind. According to his theory, 
history is the sum of human actions, and every action implies consumption 
of energy. Such “historical energetics” would have no human element, were 
the concept of probability not taken into account. Past events might not 
have taken place, or might have happened differently; at every stage of 
history, men were confronted with a wealth of possibilities. Mr. Pierre 
Vendryés has endeavoured in a recent work to apply his ideas in practice, 
taking as an example the history of Bonaparte’s Egyptian campaign.! 

However, not only in the fields of pure mathematics, modern physics, 
sociology, biology and even psychology, has the theory of probability made 
its mark; it has also triumphed by sheer force in technology and modern 
industry, having proved of great value for the solution of problems such 
as those created by queues before the counters, and in industrial production, 
where problems connected with sampling and the grading of waste materials 
can henceforth be solved scientifically. 

In order to make things clear by giving a few practical examples, let us 
consider how statistics help those responsible for industrial inspection. Sup- 
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posing that there is a crate of electric light bulbs of a certain type, a statisti- 
cian will call it (that is, the contents of the crate) a population of bulbs, 
each bulb being an “individual”; if he proposes to study the length of time 
which the bulbs are likely to last, that length of time, varying from one bulb 
to another, will be the characteristic which he examines. That is exactly the 
industrial problem involved, namely, to predict how long a whole consign- 
ment of bulbs will last, by examining merely a few bulbs, selected at random. 
Speaking more generally, whatever the industrial problem confronting him, 
a statistician has to deal with a finite population. In observing this popula- 
tion, he has several methods from which to choose. The surest and simplest 
would of course be to examine each individual composing the population; 
such a 100 per cent inspection is perfect, but costly; it is more ingenious 
to consider only a few individuals, selected at random; in other words, to 
inspect samples. When he has made his observations, the statistician has 
collected a whole series of results which he must interpret in order to assess 
the quality of the products and the percentage of waste. However, he can 
do more than that. Statistical techniques enable industrialists to estimate 
accurately, in given working conditions, the quality of their materials and, 
if necessary, of their workmen. For example, if there are two automatic 
lathes capable of turning shafts of a certain diameter, which lathe should be 
used for the work? The answer can be found by a statistical study of the 
variability of the lathes. In the same way, hypothesis test techniques assist 
in deciding whether consignments examined should be regarded as acceptable 
or not; for example, in deciding whether a consignment of machine parts 
(screws, bolts, etc.) should be classified as utilizable or defective. Thanks to 
these techniques, it is possible to reply to questions such as: “Does this 
consignment contain more than 3 per cent of waste material, in which case 
I intend to refuse it, or less than 3 per cent, in which case I shall decide 
to accept it.” These few remarks show the immense practical advantages to 
be derived from the use of probability methods in modern industry. 

But what part does probability play in daily life, and how does the theory 
of probability strike the man in the street? 

Few scientific results have been better confirmed than those arising from 
the calculus of probability. Let us take, for example, studies of mortality 
figures. For over a century, life insurance companies have been distributing 
large dividends to their shareholders; and this is tangible proof of the 
accuracy of calculations based on mortality figures and the law of chance, i.e. 
on statistical data grouped and interpreted in accordance with probability 
methods. 

However, it must be frankly admitted that most people have confused 
and sometimes mystical ideas about chance and the part it plays in their 
lives. We certainly rely on chance. Every man, however lacking in imagina- 
tion, makes some allowance for it in his vague plans for the future. It would 
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be absurd to rely on chance alone; but it would be still more absurd not to 
rely on it at all. The application of “probabilities” to the problems of 
everyday life is generally systematically disregarded, or even treated with : 
contempt, by those who should be the first to be interested in it. i 

The importance of these new branches of science is further proved by i 
the fact that the number of statistical institutes all over the world is steadily i 
increasing, that thousands of research workers in all the large countries are 
engaged on statistics, and that hundreds of books and countless publications 
are devoted to statistics every year. 

The undeniable value of data derived from reliable statistics cannot be 
reconciled with the prejudiced view, often held, that statistics are the 
greatest source of error. This prejudiced view can be attributed partly to the 
fact that the average person has a primitive, unscientific and fatalistic out- 
look, and partly to the fact that he is “individualistic”. A man does not like 
to think of himself as a mere unit, similar to every other unit. We all set 
much store by our individuality and easily persuade ourselves that we are 
“original”. Thus, when exponents of the theory of probability tell us that 
the proportion of deaths at the age of 50 is such and such, every person of 
50 will tend to think that the statement does not in any way apply to him. 

A scientific study of chance leads to the conclusion, which Mr. E. Borel 
so rightly emphasized, that the mathematical reply to many practical 
questions is a “coefficient of probability”. Such an answer does not satisfy 
those who expect certainty of mathematics. It is a regrettable tendency, 
doubtless due to the fact that most people know practically nothing about the 
theory of probability, although its influence on their lives is increasing daily. 
Take, for example, all the various insurances, the different forms of betting, 
the weather forecasts which appear in all daily newspapers, the Gallup 
polls, etc. A coefficient of probability provides a perfectly clear answer, i 
corresponding to an absolutely tangible reality. Some people will maintain 4 
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that they “prefer” certainty; but, as Mr. Borel said, they might also “prefer” 
two and two to make five. 

Napoleon’s remark “There is no such thing as chance” expressed an 
ill-conceived rationalism; and Pascal’s assertion that “If Cleopatra’s nose 
had been shorter, the face of the world would have been changed” was a 
surprising one from the man who was the first to succeed in calculating 
chance and discovering its laws. Between these two views there is room 
for a sound, scientific study of how to forecast the future, bearing in mind 
the fact that, although general rules continue to hold good, individual events 
cannot be predicted with any accuracy. 

In everyday life, we often decide that certain things will “probably” 
happen, although we cannot always estimate the degree of their probability, 
being conscious only that they are “probabilities”. 

When we go out for a walk, we may or may not decide to take an 
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umbrella, according to whether we think it probable that there will be a 
shower. When we have lost something and go to the Lost Property Office, 
we are in fact forming a hypothetical estimate of the probable proportion of 
honest people among our contemporaries and comparing that probability 
with the value of the lost object, increased by the cost of our journey to 
the office and the time we have been obliged to spend on going there. 
When a bottle is thrown into the sea, its fate depends upon a probability. 
If we really gave careful thought to the matter, we should realize that there 
is hardly a single human being whose actions are not prompted, several 
times during the day, by a hazy notion of probability; the idea is seldom 
well thought out, and the person is scarcely conscious of it, but he is always 
conscious of it to some very slight degree. The next stage will be to pass 
from a state of confused consciousness to one of clear awareness; from the 
intuitive to the rational; from the qualitative to the quantitative. 

If the average citizen could introduce, into his elementary conception of 
the world, a notion of chance which was not that of “fate”, if he could 
adopt a “probabilistic” outlook instead of placing his faith in obscure gods, 
his future would appear brighter to him. Freed from superstitious terrors 
and delivered from the clutches of fortune-tellers and quack doctors who, 
throughout the centuries, have lured mankind towards blind fatalism, future 
generations, having learnt how to measure chance, might discover how to 
control it. It is the duty of those seeking to popularize science, and of all 
who are responsible for training minds, to spread a knowledge of these 
truths. When these have been grasped by the man in the street, the new 
individual, who, worthier and more powerful, will have won a victory over 
what for so long have been regarded as unconquerable forces, will truly 
deserve the name of homo sapiens. 
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The sciences of man are in bad repute. Specialists in the long-established 
branches of scientific study regard them as mere historical or philosophical 
pastimes and are not easily impressed by certain of their technical trappings. 
The educated public strays with growing lassitude through the jungle of 
suggestions, viewpoints and observations emerging from the lengthy dis- 
sertations of economists, psychologists or sociologists, and wonders with a 
quizzical concern whether the new results obtained really go beyond the 
ordinary bounds of common sense and simple observation. Traditional 
scientific methodology is outraged while critical humanism smiles at the 
disorder, the hesitations and the contradictions, but both smile and frown 
are equally censorious. 

Extreme though it may seem, there is nevertheless some basis for this 
verdict. The scope of the sciences of man is ill-defined and its limits are 
uncertain, a fact which, in itself, causes some uneasiness. Between biology 
and sociology there is a whole range of studies whose aims and methods of 
research are constantly being clarified and becoming more specialized— 
physiology, psychology, demography, human geography, ethnology, political 
economy, etc. But the list of these different studies, which it would be hard 
to enumerate exhaustively, shows an undeniable tendency to extend, taking 
in new sectors of research which apparently have nothing to do with the 
original problems of the social sciences but which are nevertheless com- 
plementary to them. To take only one aspect of this gradual extension: 
animal biology has quite naturally taken its place among our investigations 
relating to man. This intrusion has proved justified from more than the 
merely comparative point of view; though it may have been interesting to 
compare the living organisms of animal and man, it was far more so to be 
able to relate the differences observed to their specific social structures. At 
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the other extreme, sociology has turned its attention to its internal develop- 
ment and, realizing the indissoluble link between subject and object, has 
decided to go beyond its previous explanatory concerns—art, ethics, edu- 
cation, language, law and religion—in order to tackle the problem which 
is, in the end, the key problem for it on the intellectual plane: that of 
knowledge itself. In addition to this process of expansion, which is un- 
pleasantly reminiscent of imperialism, a new cause for concern has recently 
arisen; each one of the sciences of man is splitting up into a great number 
of subsidiary branches which speedily assert their sovereignty and demand a 
measure of independence. This fragmentation is to be observed at every level. 
Specialization is being more and more highly developed. Ethnology takes 
in anthropologists, linguists and prehistorians, whose work is not always 
harmoniously co-ordinated. Psychology attempts to prove the scope of its 
resources by using methods of investigation directly inherited from other 
branches of science—experimental psychology, physiological psychology, 
psycho-pathology and so forth—and seeks, with only partial success, to 
diagnose and treat an ever-growing range of individual or collective human 
phenomena. This tendency to annex concepts and methods is not only the 
reflection of an undeniable complexity and the mark of a certain youthful 
ardour, it is also a sign of confusion and disorder in the epistemological 
field. Nothing is more revealing, from this point of view, than the system 
of referring difficult questions to other branches of study practised by 
specialists of the sciences of man: the psychologist who comes to a dead 
end talks of the shortcomings of physiology, the sociologist advances the 
lack of demographic or economic data or the backwardness of social 
psychology as an excuse for his unwarranted gratuitous generalizations. 
Modestly to avow these weaknesses is to admit at the same time that 
the sciences of man have, for the moment, raised more problems than they 
have solved. With often exaggerated scruples, they have asked themselves 
whether this or that question really came within their field, and what branch 
of study ought to assume particular responsibility for it; then, on scattered, 
fragmentary, and often unexpected findings, a new division of research work 
would implicitly be proposed for discussion by a college of diverse specialists. 
So, step by step, a series of ever more imposing and ever more delusive 
inventories is being drawn up. With rare exceptions, the sciences of man 
are still at the inventory stage. Lack of method is rife among them and a 
mania for collecting facts and ideas is innocently substituted for hypothesis — 
and verification. If biology, physiology and certain sectors of psychology, at 
least to some degree, escape these criticisms, the reason probably lies in 
their closer links with the experimental sciences and, above all, in the 
greater detachment of the research worker in relation to the object of his 
study. It stands to reason that scientific analysis and explanation of human 
activities become more complicated as knowledge of the outer world and 
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knowledge of the thinking and living subject tend, by a symmetrical process 
of reduction, to overlap and merge. The backwardness of the sciences of 
man is, in large measure, ascribable to this interposition of the subject 
between himself and the object of his research. The psychologist already 
suffers from this handicap. When he watches the behaviour of someone else, 
his impartiality is compromised by similarities or contrasts revealed by 
observation or suggested by introspection. Caught in a web of multiple 
allegiances and highly socialized patterns of behaviour, with his own past 
behind him, and imbued with preconceived ideas and prejudices at every 
level of consciousness, the sociologist must perpetually seek after objectivity. 
This disturbing interaction of subject and object, of science and society, is 
the central problem of their respective futures. It is perhaps because 
it has not taken sufficient account of these mutual relationships that 
research in this field has been so haphazard and that we still await its 
social applications. 

It is at the point where psychology and sociology meet that these 
influences are the most complex, most subtle and the richest in practical 
consequences. From this point of focus, where what applies to the individual 
and what applies to society are so often associated and complementary, 
science is tempted to lose sight of its original objectives and to degenerate 
into a naive positivism or to take refuge in a historical study which is not 
fraught with difficulties. It is therefore worth while to pause a little over the 
trials and errors of social psychology in order the better to discern how it 
depends on the social structure and to perceive more clearly the influences 
it is bound to exert on society. 

It is a commonplace to say that scientific progress depends on the quality 
and vitality of the social structures which have been responsible for setting 
it in action and keeping it going. Each civilization, each society, each class, 
has the science it deserves, and it is easy enough, by going over its history, 
to discover why this or that is in advance or behindhand. True, official 
chronology conceals the phenomenon and does its best to win credence for 
the idea that scientific discoveries and revolutions are the work of specially 
gifted individuals who appear at the providential moment. Science is as 
much a prey as art to this misleading theory of creative individualism. The 
extraordinary argument about free artistic inspiration and conformism, 
painstakingly fed by each new generation, has spread to the scientific 
sphere. Certain people set up as defenders of liberty and in spite of all 
evidence to the contrary unceasingly affirm the primacy of the individual 
in creative innovation and claim that artistic perfection and scientific 
advance are inconceivable except in an atmosphere of independence, revolt 
or anarchy. On closer scrutiny, however, we see that there is not a poet 
whose work can be isolated from the society of which he was a member or 
the social class to which he belonged and of which he was, with varying 
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awareness of the fact, the mouthpiece. From Virgil, the advocate of a 
“back to the land” movement, to Mayakovski, the agitator speaking for 
socialism on the march, poetry has never ceased to be the expression of 
social needs and social conflicts. The history of art represents as it were 
a list of commissioned works. Picasso and Leonardo da Vinci both responded 
to the demands of their contemporaries, princely Italian patrons in the latter 
case, the international proletariat in the former. Genius is perhaps but the 
expression of a collective need, to which the personality of the creator 
imparts a fleeting hint of originality. Even when an artist appears to break 
free of his period, proclaims his isolation and emphasizes his originality, 
he still serves to mirror society, and his claims to individuality only reflect 
the confusion, by him unrecognized, of his environment. It is not without 
significance that pleas of art for art’s sake, calls for freedom, and eccentric 
experiments, coincide with periods of economic slump and political un- 
certainty. Artistic decadence is always a sign of social regression. 

In the scientific field, this parallelism is more generally admitted. The 
legend of the spark of genius is dying out thanks to the efforts of the 
historians of science and technology. But this work of cleaning up has not 
yet affected the sciences of man. Mere greensickness, it may be said. But it 
is a very dangerous sickness once its consequences are considered, for to 
mistake the significance of this or that social phenomenon is to run the 
risk not only of perpetuating sterile misconceptions but also of embarking 
on senseless reforms. . 

On the theoretical plane the sciences of man have made mistakes and 
still show evidence of hesitations which clearly reveal their social subjugation. 
Sociology, for instance, claiming to survey society from. above in order to 
explain it, began by being its unconscious servant. In particular, it became 
confused with the philosophy of history and, from Plato to Toynbee, has 
endeavoured to interpret social facts in relation to a pre-established 
explanatory system. Following the fluctuations of the moment, it has sought 
in turn to be normative, idealistic and evolutionist. Reflecting contemporary 
ideological conflicts, it has even gone to the length of distinguishing between 
a sociology of order and a sociology of progress.! Yet more characteristic 
of its dependence, modern sociology is discussing the opposition between 
the individual and society and seeking to resolve this apparent conflict. 
Regarding this as their highest mission, the sciences of man are asking how 
far psychology and sociology can explain it. The fact that this bogus problem 
periodically comes up for discussion, that some psychologists neglect the 
community as a factor, that sociologists deny the individual the right to 
play any, even a modestly interactive, part, is eloquent of the general 
orientation of minds that are under the sway of prevailing ideologies. Thus, 


1. On all these confusions of ideas, see G. Gurvitch, “Les faux problémes de la sociologie au 
xtx* siécle” in La vocation actuelle de la sociologie, Presses. Universitaires de France, Paris, 1950, 
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it is no mere chance that the most exclusively individualistic systems of 
explanation have been developed in societies verging on decay. Psycho- 
analysis is no accident, but an attempt to save society. However interesting, 
indeed constructive, it may be, it will live in the history of the sciences of 
man as an example of pretence, of an attempt—often ingenious enough— 
to conceal the collective disorder of the middle-class, whose social and 
economic structure is under assault. Whatever Freud may have thought 
about it, the doctrine, if not the method of psychoanalysis was a product 
of Austro-Hungarian decadence. Ever since, social units in a latent state 
of economic crisis have utilized this explanatory expedient without reserve. 
The premonitory signs of a depression, the vexations of the cold war, 
unemployment, are not simply the natural characteristics of an unbalanced 
social and economic situation. They are the consequence of personal 
frustration due to contamination in early infancy. In short, social problems 
have no existence in themselves and may be reduced to the sum of individual 
cases which can be treated by psychoanalysis. There is no limit to the 
wildness of such attempts at interpretation, and the modern world seeks a 
palliative for its anxiety in the psychoanalyst’s consulting room. In the eyes 
of many people, the community, the structural organization of society, the 
political régime, are not to blame in any respect. It is the individual who 
must shoulder the responsibility for all catastrophes; his aggressiveness, 
resulting from frustrations and traumatisms in childhood, gives rise to 
conflicts between individuals and thus to the break-up of the group. This 
is to mistake the effect for the cause, to adopt Rousseau’s antithesis, to 
resurrect the myth of original sin. 

For those who are less naive and blind, this conflict between the 
individual and the social planes has been solved only in appearance. 
However, the most vehement protagonists of this social psychology, which 
sets out with the sole aim of harmonizing this contradiction, have no idea 
that their conciliatory position but thinly cloaks the action—underground 
but none the less real—of the social strata on which they depend. It is 
indeed easy to see from the works of the psycho-sociologists of the last two 
decades that this misunderstanding and uneasiness persist. Despite the 
advent of concepts of attitude and of opinion designed to modify this false 
alternative, despite the effort which some students are making to apprehend 
individual behaviour in its full social context, a trace of the superstructures 
is still evident in the various attempts at synthesis. There is a constant 
coming and going between psychology and sociology as the relative influence 
of each varies. Some disciples of Freud—Fromm, Horney and Kardiner— 
have tried to get out of the blind alley of psychoanalysis by way of anthro- 
pology. Sociologists who were originally followers of Durkheim, have had 
the idea of adopting some of the views of behaviourist psychology. As 
G. Gurvitch maliciously observes: “Let us take as an example the theory 
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of American behaviourist jurists, who assert that law is nothing but the 
behaviour of the judge in court; these jurists would certainly not deny that 
when the judge sneezes, blows his nose or clears his throat he is in no sense 
creating or applying the law.” 

No system of explanation better reflects the uncertainties and social 
confusions of our time than sociometry. Setting out to go beyond the strictly 
individual level, its originator, J. L. Moreno, turned his attention to the 
study of inter-individual relationships. He analysed, often shrewdly and 
accurately, the different forms of interaction, ranging from inter-individual 
association to opposition or indifference, and worked out techniques for 
measuring the currents of attraction or repulsion which make themselves 
felt within a community. It might have been expected that, on these 
foundations, he would have attained a genuine understanding of the social 
phenomenon even though only of its simplest form, the group. But the 
venture was sidetracked into therapeutic considerations, which in the end 
came very close to those of the psycho-analysts. Starting off to investigate the 
forms of aptitude for social life and the types of groups, sociometry, under 
pressure from a public haunted by anxiety, turned towards a type of 
dramatic confrontation which had cathartic pretentions—psychodrama and 
sociodrama. Disowning its origins and initial ambitions, it worked out a 
pseudo-conception of the group, described social relationships in which 
emotion stifles function, established an artificial system of leadership types, 
scorned social complexes and their action on one another, and passed over 
with no further investigation both the class struggle and the very birth of 
classes. In a word, sociometry has become one more drug in the collection 
of psychological narcotics demanded by a society which is already over- 
indulging in psychoanalysis, alcohol, barbiturates and aspirin tablets to 
avoid facing the essential questions and solving the urgent problems which 
confront it. 

On the practical plane, social imperatives are ceaselessly multiplying in 
the modern world, necessitating new researches and the use of specialized 
techniques in the sciences of man. It would be wearisome to enumerate 
them. To confine ourselves to social psychology, we have only to look at 
present-day societies to see clearly what tasks science has to perform. For 
instance, the constant development of communications by itself sets difficult 
and urgent problems. The use of the printed word and picture, of the radio, 
films and television, is the basis of the psychology of perception. This has 
hrought out a certain number of facts whose importance is far from 
negligible. Thus it has been shown that individual reactions to these various 
calls on the attention depend simultaneously on the nature of the external 
stimulus and the functional characteristics of its recipient. The establishment 
of this fact served as introduction to many lines of research on the com- 
position of persuasive arguments and the best choice of vehicles of pro- 
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paganda.' It also led to detailed studies of the influence of motivation, of 
emotional tone and of memory in the process of the acquisition of know- 
ledge; it was through these studies that the general principle of the functional 
selectivity of perceptions was recognized. This principle is that not all 
external stimuli reach their mark; they are subject to selection and are 
interpreted differently by each individual. Facts and events are not impartial 
and do not give birth to identical perception and knowledge in every man; 
they are noted and assimilated in the light of the needs and the whole 
personality of the receiving individual. In this connexion, many specialists 
have speculated about the conditions of objectivity. In what conditions and 
to what extent is it disturbed? When does news become propaganda? What 
is the range and what are the limitations of the instruments of persuasion? 
Are they capable of abating prejudices, changing attitudes and reversing 
opinions? These are all questions which current developments compel the 
psychologist and the sociologist to consider. Can they answer these queries, 
whose gravity and urgency they are the first to admit? The psycho-socio- 
logist, at once the subject and the object of research, and under pressure from 
society, evades certain problems, deludes himself, and helps to accentuate 
in practice the permanent lag between the sciences of man and society. . 

In fact, the research-worker may completely mistake the significance of 
his period and rush off to tackle the wrong problem. A spectacular example 
of such a piece of self-delusion is provided by psychology. Psychology is, 
quite properly, concerned with educational and vocational guidance, and 
has for 50 years devoted considerable efforts to the problem of measuring 
children’s intelligence. For this purpose, it has evolved a great number of 
mental tests and has applied them to thousands of children of all ages. This 
made it possible to give every subject an intelligence score, by compar- 
ing his performance in the test—which was called his mental age— 
with his actual age. The “intelligence quotient” theoretically determined, 
and very often did determine in practice, the child’s future. It was only quite 
recently, when sociological factors were given greater consideration, that 
psychologists realized the enormity of the mistake they had been making. 
They awoke to the fact that success in these tests depended directly on the 
child’s social and economic background; the children of the well-to-do 
classes appeared to be intellectually superior to those of the poor. But was 
it really a question of intellectual superiority at all? Analysis of the content 
of the tests brought out clearly the preponderance in them of verbal elements, 
and the specialists were forced to admit that the results merely reflected 
differences of cultural absorption. The son of a business manager and a 


railwayman’s son differ essentially in the quality and extent of their ability 
1. The reader interested in further details is referred to the encyclopedia Propaganda, Communica- 
tton and Public Opinion, by H. D. Lasswell, B. L. Smith and R. D. Casey, Princeton 


University Press, 1946, where he will find all the required information about the volume and 
distribution of the various means of dissemination used by world propaganda. 
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to express the ideas which they have accumulated in the course of their 
family and social contacts. The difference in their intelligence quotients 
reflects the difference in their living conditions and is no evidence at all 
of their respective mental capacities. This “masking” effect has been so 
generally recognized that psychologists have exerted all their ingenuity to 
devise new tests, into which cultural influence would not enter and in which 
the acquisition of knowledge would play the smallest part possible.! 
Whatever may be the future and the real importance of this attempt to set 
things right, it must be admitted that the foundations of educational and 
vocational guidance have been, to say the least, extremely shaky. The tests 
carried out over so many years had been yielding exactly the opposite results 
from those intended. Because they had not been considered in their social 
context, they became an instrument of social conservatism. Instead of giving 
everyone a chance to develop his potentialities and bringing new blood into 
the ranks of society’s leaders, this system of tests, blind to the point of 
confusing cause and effect, merely helped the privileged and ended by 
sustaining what it had originally set out to avoid—a psychology of class. 

The sciences of man abound in examples of this kind, where intentions 
and results cease to have the slightest logical correspondence. The best 
course is not to wonder too much at this but rather to seek to provide 
against such confusions and contradictions by uncovering their real causes. 
Even today the shortcomings of the sciences of man which claim to be free 
from the trammels of history and the present social environment are so 
evident that there is no point in dwelling on them. It is clear, for instance, 
that the progress of industrial psychology, the establishment of “personnel 
relations” departments in factories, the use of collective stimulants, and all 
the recent amenities provided in the interest of the human factor, are at 
once the result of technological progress, evidence of concerns going beyond 
the narrow limits of the individual, and a sign of partial concessions on the 
part of a system hesitating between profits and social peace. 

In the same way, the Stakhanovite experiments and achievements would 
be incomprehensible apart from their economic and political context—a 
socialist society in the making. Finally, there is a major problem of social 
psychology, that of leadership, which faithfully follows developments in the 
environmental super-structure. We need only recall the German system 
under the Nazis to be convinced of this.? In the parliamentary democraties, 
no satisfactory solution to this problem has been found, and this failure 
points to a contradiction inherent in this political and social system and to 
the hesitations which spring from it. An American psychologist, W. O. 
Jenkins (1947), after a critical analysis of all the psychological data so far 


1. Free-culture intelligence test, by R. B. Cattell, for example. 
2. On this point see P. H. Maucorps, Psychologie militaire, Presses Universitaires de France, 
Paris, 1948. 
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collected on the most varied types of leadership functions, was only able to 





| 
sir arrive at the following meagre conclusions, in which the individualist and 
ts the “situationist” theses alternate: | 
all 1. The functions of leader are essentially determined by each individual | 
sO situation. The leader of a group can be defined only in relation to one | 
to of the particular activities of the group facing a given situation. This at 1 
ch once explains why very different individuals can assume certain functions 
e,! of leadership with equal success and why one individual, according to | 
et. 68 the specific kinds of leadership allotted to him, displays a very marked 
nd variation in efficiency, and, in some cases, amazing deficiencies. | 
sts | 2. Practically all research confirms that leaders are superior in one or two | 
Its ways to the other members of their group. This superiority has to do, | 
ial more particularly, with their technical abilities and their general know- 
ng ff ledge. Intelligence plays a practically negligible part, and an interesting : 
ito =F study has shown that political, social, military and other leaders, whose 
of | influence and prestige were nevertheless proved and whose qualities of 
by §& leadership were clearly established, were spaced out along a very average | 
ss. fl curve ranging from pathological imbecility to genius. | 
ns | 3. Leaders having certain resemblances to members of their group seem to | 
est be more efficient. In particular, community of cultural and ideological | 
de interests and a similarity in social background create a propitious 
s.. 2 atmosphere for authority. 
ree 4, Certain characteristics—age, physique, economic and social position— 
so and certain features concerning the deeper personality, appear decisive 
ce, in a few particular cases. But the present data are insufficient to lay | 
nel down any laws with certainty—a finding which greatly reduces the | 
all reliability of predicting an individual’s success in a position of leader- 
at ship by psychological methods of investigation alone.! | 
nd The blame for these failures, inadequacies and misinterpretations cannot | 
the be laid entirely on neglect of the historical factor and failure to view | 
phenomena in their context as a whole. While misunderstandings or percep- | 
ild tional distortion of social movements may influence science so far as to 
—a throw it out of order, science in turn has repercussions on society. Science 
ial and society are perpetually interactive, and nowhere are these reciprocal 
the influences harder to disentangle, more conducive to misundertanding in 
em interpretation, and more fraught with calamity, than in the sciences of man, | 
es, and particularly in social psychology. 
re ff That does not mean that this incessant ebb and flow, these ceaselessly | 
to renewed reciprocal pressures, necessarily give rise to chaos and keep 
ty ', Some progress has since been made, and the phenomenon of leadership, restored to its socio- 


logical context, is being more precisely pinned down. On this subject, see G. Gurvitch, La 
vocation actuelle de la sociologie; H. Guetzkow, Groups, Leadership and Men, Carnegie Press, 
N.Y., 1951; L. Festinger and others, Theory and Experiments in Social Communication, The 


ace, Research Centre for Group Dynamics, Ann Harbor, Michigan, 1951. 
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misunderstanding alive. Society often calls on science to solve problems 
which have been clearly and correctly stated, and the latter often puts 
forward in return solutions from which society benefits. One of the many 
examples of such beneficial reciprocity deserves special mention. It concerns 
the problem of rumours harmful to the national morale, which arose in the 
United States of America at the beginning of the second world war. 
Immediately after the lightning attack on Pearl Harbour and before the 
American war machine had had time to achieve an output sufficient to 
reassure public opinion, the authorities were alarmed to note that more and 
more socially undesirable rumours, prejudicial to the armaments effort, were 
circulating. The psychologists were called out and set to work immediately. 
They began by listing the different types of rumours and studying their 
distribution throughout the country. They thus found that rumours indicative 
of hatred and hostility—known as “wedge-driving rumours”—either towards 
minorities (Jews and Negroes) or towards the Roosevelt government, the 
Allies or the American armed forces, were far more frequent than those 
inspired by fear (“fear rumours”), concerning epidemics, the fifth column, 
atrocities or secret weapons, or by hopeful anticipation (“pipe-dream 
rumours”), concerning the making of peace or the sudden death of Hitler. 
Furthermore, significant regional differences were revealed. The false 
rumours and slanders about the Roosevelt administration tended most 
often to spring up and to be propagated in the Western States, where 
rumours about the activities of the German and. Japanese fifth columns 
were relatively infrequent. Once this first list had been completed, it had 
to be kept constantly up to date, and practical arrangements had to be made 
to scotch and counteract the rumours. This was the task set the “rumour 
clinics”, bodies which were set up all over the United States and which 
specialized in the detection of false rumours and in the psychological analysis 
of their origin and credence.' Such was their success that by the end of 1943 
they had outlived their usefulness. Psychology applied to a problem of 
national security had brilliantly proved its efficiency and had brought about 
a real change in society. Science in return benefited from the incident. The 
impetus had been given, and a psychology of rumours began to take shape, 
while research was pushed further and further. Deserting the general public 
for the laboratory, specialists carried out extremely detailed experiments on 
the processes by which rumours are reduced to a common level, singled 
out or assimilated, on the distortion of perception, on memory and the 
reliability of evidence. There is no doubt that these new contributions may 
in turn be put to profitable use by society, either in the field of information, 
for instance, or in that of forensic psychology. Considered as complementary 


1. Two interesting papers will be found in the work of G. Allport and L. J. Postman, Psychology 
of Rumour, Henry Holt, New York, 1947. They are “Guide for the analysis of rumour” and 
“Standards for agencies working on the prevention and control of wartime rumour”. 
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in outlook, science and society thus constantly advance each other’s interests 
and maintain a sort of chain reaction from one to the other. 

But it is by no means true that this mutual influence is invariably so 
satisfactory. Incalculable harm has also been done to society by the sciences 
of man. Certain of their specialists, carried away by their technical enthu- 
siasm or bogged down in the routine of method, have committed veritable 
outrages against society as a whole or against particular social groups. 
Some best-selling authors, on the basis of a ‘psychological interpretation 
which, at best, is much over-simplified, have described propaganda activities 
as “mass rape”. In point of fact however, individuals offer a far better 
resistance than is generally believed to direct attempts at persuasion, and 
there would seem to be more justification for using the word “rape” in 
relation to public opinion polls. There is nothing wrong in the theoretical 
intentions of this system of investigation, which is now widely used in the 
political, social, economic and professional fields; it is always interesting 
and instructive to know what and how strong are the needs, trends, attitudes, 
beliefs and opinions at issue w..iiin a social unit. The crudity, apparent 
naivety, and tactlessness of some of the questions are mere technical 
weaknesses which can always be set right by more careful drafting or by 
greater ingenuity. Nor does the worst danger of this system lie in the 
fraudulent use of its results. It is true that organizations (which are in fact 
commercial rather than scientific) do not hesitate, during political elections, 
to assert the reliability of statistical forecasts, but this proceeding can only 
be regarded as both stupid and dishonest, capable of misleading only the 
uninitiated. It is stupid because experience! has shown that the undecided, 
who often represent a very large percentage, do not finally make up their 
minds how to vote until the last moment, and the final onslaughts of the 
rival propaganda machines, towards the end of the campaign, exert a 
particularly strong and effective influence, which the public opinion surveys 
have practically no time to take into account. It is dishonest, because the 
periodical publication of these forecasts is seldom intended to give the 
public information, but rather to influence it by tendentious predictions 
and, in particular, to draw the floating vote into the pleasant and reassuring 
camp of an artificial majority. The essential unsatisfactoriness of this method 
of investigation lies in the fact that the sample questioned can never claim 
to represent the whole population. This discrepancy is not owing merely to 
the fluctuation of the samples taken but to the fact that the subjects are 
affected by the questionnaire. When anyone has to answer a series of 
questions and is forced to think them over and make a choice, the process 
itself modifies his attitudes, beliefs and opinions. Certain ideas are suggested 
to him: doubts are sown; questions which he had never asked himself cross 


1. On this subject, see the remarkable work of P. F. Lazaresfeld, B. Berelson and H. Gaudet, 
The People’s Choice, Columbia University Press, New York, 1948. 
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the threshold of his consciousness. After questioning, the subject is no 
longer the person he was before, the person who was selected for questioning. 
His replies are not those of the selected individual. This deterioration in the 
instrument is further aggravated when, for reasons of economy, polls use 
the same sample several times running. In the very frequent cases of chain 
influence it becomes impossible to tell what the sample really represents. 

It may, of course, be objected that this deterioration in their instruments 
is inherent in the sciences of man, and therefore inevitable. Every test, every 
attitude scale, every questionnaire and every interview serves in some degree 
to transform the subject. There is no doubt about this, and it must be 
admitted that specialists have not always taken it sufficiently into account 
and that apparently sound experimental results have been proved to be 
false by facts. To consider only one of the most promising methodological 
processes of social psychology, introduced under the name of “group 
dynamics” by K. Lewin, it may be asked whether laboratory experiments 
do not involve an element of the artificia! which distorts their exact 
signification. It is possible that the explanatory schemes suggested by this 
school—relating to the processes of uniformity of opinion or to cohesion 
within limited groups or to the rejection of those not holding the accepted 
views, for instance—may be correct in broad outline. But it is just as 
probable that the subject of observation—free of artificial influence—does 
not correspond exactly with the subject of experiment. This gap needs to be 
bridged by the combined use of experiment and obéervation. 

Another example of social transformation instigated and vitiated by 
science is furnished by the problem of minorities. Considerable efforts have 
been made in many countries to reduce the prejudices which divide the 
various ethnic, economic or religious minorities from the bulk of the 
population. Psychologists have sought to fathom in precise instances the 
actual content of the notion of “social distance”. The origins of anti- 
semitism and those of anti-negro or anti-communist prejudices have been 
frequently investigated, and palliatives have been considered. But in most 
cases these have proved disappointing because they were intellectually 
unsatisfactory—a fact which the simultaneous use of differing. approaches 
—psychiatric, psycho-analytic, cultural and semantic—has ill concealed.’ 
Whatever the causes of this failure (which it would in any case be difficult 
to explain while confining attention to the narrow field of national minorities, 
without considering that of tolerance and international understanding) 
individuals and communities have become more aware of the existence of 
this crucial problem just because of the efforts of scientific research which 
are being discussed around them. This realization of the problem has 
resulted in crystallizing social attitudes and minority positions. Because it 


1. On this important question see Otto Klineberg, Tensions affecting International Understanding, 
Social Science Research Council, New York, 1950. 
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has come to be more clearly perceived, and in fact given statistical form, 
the phenomenon of social distance has grown stronger and spread wider. 
Every individual is tempted to discover that he too belongs to a sector of 
opinion or activity which is distinct from the whole social unit to which he 
belongs. Naturally he succeeds, for everyone is always an alien to somebody. 
Being unprovided with genuine curative resources, social psychology has 
thus encouraged exhibitionist individualism and minority claims. The latter 
have already taken alarming forms. The Italian neo-Fascists and the West 
German neo-Nazis are not content with the right to vote: they demand 
from their fellow-citizens the respect due to a group with a gallant past, 
now suffering persecution. Recently! the homosexuals have complained 
about their isolation and their own lack of organization and have claimed 
the status of a minority. It is to be hoped that social psychology will 
endeavour, as it progresses, to repair its youthful excesses before the man 
in the street finds himself branded as a sectarian for disapproving of 
gangsters or prostitutes. 


Cc 
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Having drawn attention to the indissoluble unity and the extensive develop- 
ment of the sciences of man and emphasized the central position of social 
: psychology in the “cycle of knowledge”,? we have attempted, with the aid 
of a few examples, to show that the future of these branches of study 
depends on a clearer awareness of their interaction with society. While so 
doing, we have stressed the pitfalls in the path of any abstract speculation, 
divorced from actual space and time, and little concerned with practical 
application in the development of methods. We have also exposed the ills 
arising from pretentious technicality, which is at once a sign of social 
. disorder and a source of confusion. Misunderstanding of the dialectical 
interaction of science and society appears to us the most serious obstacle 
| both to social progress and to scientific advance. 

The abuses and extravagances which we have denounced should not be 
taken as meaning that the sciences of man are irretrievably lost in a blind 
alley and are doomed to helplessness. Our main aim has been to indict the 
static conception of things, the more extreme forms of individualism, and 
the generalizations of a naive sociology run wild; we have also felt it our 
duty to show up certain impostures and the futility of the far too common 
habit of merely collecting data, which leads to nothing. In short, it seems 
to us that the future of the sciences of man if they are to benefit society 
must be resolutely experimental, and constantly related to and measured 


against society. 


1. “Situation de l’homosexuel aux Etats-Unis”, by Donald Webster-Cory in Les temps modernes, 


Paris, May 1952. 
2. In the excellent phrase of J. Piaget in his Introduction a l’épistémologie génétique, Presses 


Universitaires de France, Paris 1951. ‘ 
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EVENTS AND COMMENTS 


U.S. OPERATIONS RESEARCH SOCIETY FORMED 


Outstanding scientists from universities as well as military and industrial 
establishments met recently at Columbia University to found the Operations 
Research Society of America. For the first time in the U.S.A. experts from 
such diverse disciplines as physics, chemistry, biology, mathematics, econo- 
mics, statistics, etc., will pool their knowledge in order to tackle operational 
problems of complex organizations. The purpose of the new society is to 
promote the application of operations research, i.e. the application of 
scientific methods, to business and military problems. 

Dr. Philip Morse of the Massachusetts Institute of Technology—who 
was director of the operations research group of the Navy during World 
War II and was decorated with the Medal for Merit by President Roosevelt 
for his outstanding work in anti-submarine warfare—was elected president 
of the society. Robert H. Rinehart of the Case Institute of Technology, who 
was similarly decorated for his work in the field, was elected vice-president. 

The contributions made by the speakers at the first meeting show that 
a fruitful combination of sound business practice and the kind of scientific 
method that made the application of atomic energy’ possible will open new 
vistas for industrial and government operations. Conventional mathematics 
and its theoretical extensions can be used in dealing with such practical dif- 
ficulties as congestion in air terminals, queuing in cafeteria lines, and over- 
loaded switches in telephone systems. Techniques of operational research 
can also be applied to industrial and commercial activities for increasing 
profits. Some of the more detailed investigations of these operational prob- 
lems have led to new developments in theoretical mathematics. 

A similar organization has been in existence in England since 1950. It 
is known as the Operational Research Club and its organ is the Operational 
Research Quarterly edited jointly by Max Davies and R. T. Eddison and 
published from 11 Park Lane, London, W.1. 


SCIENCE NEWS IN INTERNATIONAL LANGUAGE 


A science news monthly, Scientia International, is the first periodical to be 
published in the new international language Interlingua. The publishers, 
Science News Inc. of Washington, D.C., are connected with the endowed 
Science Service which publishes the weekly Science News Letter. 

In the last century over 300 international languages have been invented, 
but none has as yet become a universal tool for world communication. Some 
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EVENTS AND COMMENTS 


30 years ago a small group of Americans—a future ambassador, a chemist, 
a few engineers, several educators, editors and linguistic experts—started a 
long and detailed inquiry into what an international language should be. 
The work was carried on by the International Auxiliary Language Associa- 
tion ([ALA), a scientific and educational organization with headquarters in 
New York, and the result of this work is the new auxiliary language 
christened Interlingua. It has its dictionary and grammar, produced under 
the direction of Dr. Alexander Gode. 

The main characteristic of the new language is that it does not look 
strange to eyes accustomed to reading any of the Western languages— 
English, French, Spanish, German, Russian, Polish, etc. It is very easy to 
read for anyone who knows a little of another language beside his own, 
and even those who have neglected foreign languages will understand the 
gist of Interlingua at sight. The reason is not far to seek: Interlingua has 
been developed from the consensus of three major sources of naturally 
international words. It uses the vocabulary of science and technology, which 
is common to almost all the languages of the world, both East and West. It 
uses English roots where these are common to other languages. Finally, it 
has borrowed fundamentally from the Romance languages, French, Spanish, 
Italian, Portuguese, etc. The result is that the vocabulary is not a new 
artificial language, but a natural—though not national—language. The 
troublesome intricacies of grammar have been discarded, there is only one 
verb form in each tense, and nouns, adjectives and verbs do not agree as 
they must in some more complex languages. 

In the early stages the use of this new language is likely to be restricted 
mainly to writing. 









BOOKS AND PUBLICATIONS 


THE IMPACT OF SCIENCE ON SOCIETY, 
by Bertrand Russell, George Allen and Unwin, London, 1952, 140 pp., 
7s. 6d., Columbia University Press, New York, 1951, 64 pp., $2. 


This book is based upon lectures originally given at Ruskin College, Oxford, 
(three of which were subsequently repeated at Columbia University, New 
York), and on the Lloyd Roberts Lecture given at the Royal Society of 
Medicine in London at the end of 1949. The American edition is much 
shorter than the English as it is limited to the three lectures delivered at 
Columbia University. 

It could hardly be expected that a short series of lectures could deal 
exhaustively with so vast and so novel a subject as the impact of science on 
society—not even when the lecturer is a man of such wide vision and 
original thought as Bertrand Russell. A more serious shortcoming of this 
little volume is that it covers hardly any new ground. All of it has been said 


and repeated many times before, and by none more persuasively than Russell | 


himself, who more often than not was the first to say it. But what seemed 
only a generation ago revolutionary and unorthodox ideas have today 
become familiar truths if not commonplaces. Like Bernard Shaw, Bertrand 
Russell might well say that it is not he who has changed but the world which 
has come to his point of view. 

The effects of science, as seen by the author, are of various and very 
different kinds. First there are direct intellectual effects: the dispelling of 
many traditional beliefs, and the adoption of others suggested by the 
success of the scientific method. Then there are the effects on industrial 
technique and on warfare. Then, chiefly as a consequence of new techniques, 
there are profound changes in social organization which are gradually 
bringing about corresponding political changes. Finally, as a result of the 
new control over the environment which scientific knowledge has conferred, 
a new philosophy is growing up, involving a changed conception of man’s 
place in the universe. It is to those broad aspects of the social effects of 
science that the main divisions of the book are devoted. 

The first chapter deals with the purely intellectual effects of science as a 
solvent of unfounded traditional beliefs, in other words, with science as a 
philosophy. The following three chapters consider the effects of scientific 
technique on a general plane, in an oligarchy, and in a democracy res- 
pectively. The next chapter deals with science and war, and another with 
science as the source of new philosophical outlooks. In the last chapter the 
author inquires whether a scientific society—that is, a society whose daily 
life, economics, and political organization are markedly affected by scientific 
knowledge, and by technique based upon that knowledge—can be stable. 
He concludes that it can be, given four conditions: (1) a single government 
of the whole world, possessing a monopoly of armed force and therefore 
able to enforce peace; (2) a general diffusion of prosperity, so that there is 
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no occasion for envy of one part of the world by another; (3) a low birth 
rate everywhere, so that the population of the world becomes stationary, or 
nearly so; (4) the provision for individual initiative both in work and play, 
and the greatest diffusion of power compatible with maintaining the neces- 
sary political and economic framework. 

Bertrand Russell is well aware that the world is a long way from realising 
these conditions, and that therefore we must expect vast upheavals and 
appalling suffering before stability is attained. But he looks optimistically 
; towards a future culmination in which poverty and war will have been 
overcome, and fear, where it survives, will have become pathological. “The 
road . .. is long, but that is no reason for losing sight of the ultimate hope.” 








































MARX AND SCIENCE, 
by J. D. Bernal, “Marxism Today” Series, No. 9, Lawrence and Wishart, 
London, 1952, 56 pp., 5s. 


Much has been said about the great contribution which Marx made to the 
sociology of science. But when one tries to find out precisely the extent and 
the importance of that contribution one is confronted with the formidable 
| i prospect of wading through all that Marx ever wrote—no mean task. One 
must therefore be grateful to Professor Bernal who has now performed this 
task. What was originally a Memorial Lecture, delivered in March 1950 
in London on the 67th anniversary of Marx’s death, has now been expanded 
into a small volume setting out everything that Marx said on science as a 
social force. 

Let it be said at once that had Professor Bernal limited himself strictly 
to quotations from Marx bearing on science, he would have had hardly 
enough material for a short article. It is only by including many sayings 
which have little to do with science, by commenting extensively upon them, 
and by discoursing at some length on “the frustration and militarization of 
science under imperialism” that he has succeeded in producing even this 
small volume. But his comments are permeated with too much hero-worship 
to be of great value, and his own discoursing conforms too obviously to a 
well-worn pattern. One is left therefore with the few quotations from Marx 
bearing on the subject of science and society, and it is surprising how few 
they are, and how little they contain that is original. 

In one of his more obscure writings Marx once said that “Industry is the 
’ real historical relation of nature, and therefore of natural sciences, to man”, 

and that “Natural science will include the science of man in the same way 
as the science of man will include natural science: there will be only one 
science.” This is enough to enable Professor Bernal to assert that Marx’s 
great contribution lay in that he brought out for the first time the basic 
social character of science and the corresponding necessity of science to 
society. But to many a reader more familiar with the subject such a belief 
only reveals ignorance of the writings of the French Encyclopedists and, 
what is even less pardonable, of the writings of Saint-Simon and his school 
who, fully a generation before Marx, not only recognized the social aspects 
of science, but were able to express their ideas far more clearly and force- 
fully. Incidentally, it was Saint-Simon who said that history was social 
physics, and in that he was only voicing ideas which were general amongst 
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the Encyclopedists half a century earlier. Therefore, Marx’s statement that 
history itself is a real part of natural history, far from being the momentous 
discovery Professor Bernal sees in it, was no more than a truism even at 
that time. 

In reality, Marx was far more influenced by the Saint-Simonians and 
the “Utopian Socialists’—-and nowhere more than in his views about the 
place of science in society—than either he or his followers would care to 
admit. As Acton once said, “Few discoveries are more irritating than those 
which expose the pedigree of ideas.” 


ENERGY SOURCES—THE WEALTH OF. THE WORLD, 
by Eugene Ayres and Charles A. Scarlott, McGraw Hill, New York, 
Toronto, London, 1952, viii++-344 pp., $5. 


The subject of energy in its social context has attracted a host of writers 
and released a spate of books and studies in the last few years. Unesco itself 
has chosen “Energy in the Service of Man” as one of its discussion themes, 
and the relevant papers are shortly to be published in book form. It might 
therefore have been expected that one more volume on the subject could 
hardly have anything useful to add. It is thus all the more surprising to 
find that the authors have succeeded in infusing new life into a subject that 
was in danger of becoming stale. There is in this book a freshness of 
approach and an attractiveness in presentation that is conspicuously lacking 
in most of the writings on this subject. 

It is scarcely possible to give a comprehensive account of a volume that 
is full of facts and figures—most of them revealing and illuminating as well 
as clearly presented and easily digested. The authors begin with the fossil 
fuels—petroleum, coal, shale, tar, and peat—giving an analysis of produc- 
tion, resources, reserves, demand, relative depletion of reserves, etc. Then 
come the synthetic fuels. Several chapters are devoted to the ways of using 
energy, to the amount of energy_used in making energy available, to the 
waste in the use of energy in heating, lighting, transport, and manufacturing. 
There are interesting suggestions on new ways of getting energy from the 
sun, either for lighting (use of phosphors as light convertors) or for heating, 
and there is a whole chapter on how windows could be used, not only to 
avoid waste in the use of fossil fuels for heating, but also to increase the 
amount of space-heating that could be obtained directly from the sun. 

In a book dealing with energy the authors have not overlooked the question 
of food—another form of energy direct and indirect—for they have shown 
the relationship which exists between food, fuels and synthetic chemicals. 
Naturally, water power and nuclear energy have also their place. Some 
popular myths are effectively exploded: wind, tide, atmospheric electricity, 
underground steam appear as spectacular sources to the uninitiated, but 
they could never provide more than a minute fraction of the world’s energy 
needs. In the authors’ opinion, it is in a better use of solar energy that the 
greatest hope lies for supplying mankind’s ever-increasing needs. 

Atogether, this is an eminently successful book on a subject that has been 
much used and abused. Its greatest merit is perhaps that it will interest 
everyone, both by its facts and-by its readability, the housewife as much 
as the more informed reader. 
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“PHYSICS OF SOCIAL EQUILIBRIUM”, 
by R. Fiirth, The Advancement of Science, London, March 1952, Brit. 
Assoc. Adv. Sc., Vol. VIII, No. 32, pp. 429-34. 


In this lecture, delivered to the Physics Section of the British Association 
for the Advancement of Science, the author, a physicist who confesses that 
he has little knowledge of the social sciences, attempts to come to a clearer 
understanding of some social phenomena on the basis of his experience in 
physics. 

He begins by demonstrating the fallacy of using physical models for the 
explanation of certain social phenomena. For example, the concept of 
“forces” in a social community is based entirely on a false analogy. In 
physics, force is a well-defined and measurable quantity; hence several 
forces acting on a given object can cancel out and create the conditions for 
“equilibrium”. But when the sociologist or politician speaks of “forces” 
he means “strong influences” which can neither be defined nor measured; 
there is therefore no justification for the assumption that such forces can 
neutralize each other and lead to the establishment of an equilibrium. 
Similar considerations apply to the use of such physical models as “the 
swing of the pendulum” or “machinery for settling disputes” for describing 
social phenomena. 

All mechanical models for social processes are, of course, based on the 
idea that these processes are governed by causal laws analogous to those 
of mechanics. A great variety of social phenomena are, indeed, amenable 
to quantitative measurement and can be expressed by statistical data which 
have to some extent the regular features of causal laws; sociologists have 
been only too eager to apply statistics to social phenomena, and to assume 
that they are governed by the rules of the roulette table according to the 
probability calculus. But this method is inadequate, and predictions based 
on it can be completely wrong. For there is no justification for assuming that 
the fate of the individual is subject to fixed probabilities, nor that it is 
independent of the behaviour of other individuals within the same com- 
munity; moreover, it is impossible to make a rational estimate of the 
errors to which these statistical predictions are liable. Predictions on the 
future increase or decrease of the population of a country, based upon 
statistics of death and birth rates and of immigration or emigration, may 
be—and have often been—invalidated by political or social developments 
which are beyond the reach of the probability calculus; while predictions on 
certain topical events, like the outcome of elections, based on polls, often 
go wrong because the statistical methods for such estimations rest on the 
false assumption that the voter is not influenced in his decision by the 
intentions of other voters, in particular by the publication of previous polls. 

It is surprising that both the mechanical and the statistical models have 
been used separately for representing social phenomena, but that no attempt 
has been made to adopt a model incorporating both the causal and the 
chance aspect. In physics this unification has been brought about by the 
development of “statistical mechanics”, whose principal field of application 
is the theoretical treatment of systems consisting of a very large number of 
particles of the same kind. Now social communities are also assemblies 
consisting of individuals who in many ways show similar behaviour. They 
might therefore lend themselves to study by the methods of statistical 


215 





BOOKS AND PUBLICATIONS 


mechanics. For they exhibit a strong interaction between individual members 
—as do particles of liquids and solids—but this interaction is by no means 
as rigid as in a mechanical machine, which is the reason for rejecting models 
of this sort. 

The growing trend towards the formation of “pure communities” (based 
on race, language, etc.) and towards self-government and complete 
sovereignty of such communities, and the consequent interaction between 
the members of such communities which induces them to imitate the 
external habits and ways of thinking of each other, may be compared to the 
ferromagnetic magnetization, in which a complete uniformity in one or 
other direction develops rapidly, once a small nucleus has been formed 
within the community. The author believes that this is a clue for the under- 
standing of the rapid spread of fascism or communism, and that the obvious 
lesson to be drawn from it is that the formation of “pure” communities is 
dangerous to the maintenance of democracy. 

The question of social stability now appears in a new light: instead of 
being comparable to the equilibrium of a rigid mechanical structure or an 
oscillator like a pendulum, it is the analogue to the equilibrium of a close 
assembly of particles like a piece of crystal, under the opposing influences 
of the interatomic forces and the thermal agitation of the constituent particles. 
The counterpart of this thermal movement in human societies is the seemingly 
erratic behaviour of the individual which gives rise to a certain amount of 
“unrest”, comparable to the temperature of a material body. An increase 
in temperature results in a gradual and continuous change or, under certain 
conditions, in a sudden and discontinuous change, i.e. a revolutionary 
development. Such structural changes can be at least partly reversible, just 
as in crystal physics. A practical example of such processes is the rapid 
adjustment of habits and outlook in a community in an acute emergency, 
and the relapse into the former state of affairs when the emergency has 
passed. 

Finally, the “strength” of a social community may be compared to the 
strength of a material body. Just as the latter is subject to irreversible plastic 
deformations, and eventually to rupture under external stress, a social 
community may be irreversibly changed or even broken up by external 
influences. The former process may serve to adjust the community to 
changed surroundings. The latter is definitely undesirable, and sociologists 
and politicians should try to understand the mechanics of rupture and learn 
how it can be avoided. 





